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PREFACE. 


This work was suggested by Mr. Clements R. Markham’s 
“ Memoir on the Indian Surveys,” in which the geographical and 
other kindred operations carried out in India from the date of 
the British occupation were reviewed in a most picturesque and 
masterly manner. In 1878 a second edition of Mr. Markham’s 
work was published, in which the narrative was brought up to 
1875, and in some cases for a year or so later. For the last fifteen 
years I have been accumulating notes in moments of leisure, 
with a view to the publication of a volume which might serve as a 
continuation to that by Mr. Markham, and the kind support 
given to the project by the Secretary of State for India and the 
Viceroy has now enabled me to present the work in a more or 
less complete shape. From unavoidable circumstances the arrange¬ 
ment of matter is not identical with that adopted by Mr. Markham, 
but I believe I have conformed to it sufficiently to make reference 
easy, and wherever the source of information is not specially 
mentioned, it may be assumed that it will be found in the official 
Annual Report for the particular year. 

I have to express my sincere acknowledgments to those friends 
who have been good enough to read through the proofs and favour 
me with numerous suggestions, of whioh I have gladly availed 
myself. To General J. T. Walker, R.E., O.B., F.R.S., &c., 
formerly Surveyor-General of India, I am indebted for his careful 
revision of the Trigonometrical, Geodetic, and other chapters. 
Colonel H. R. Thuillier, R.E., the present Surveyor-General of India, 
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has also supplied much useful additional matter in Chapter XI. 
Mr. W. T. Blanford, F.R.S., has furnished me with several 
valuable comments on the Geological Section ; Mr. H. F. Blanford. 
F.R.S., kindly revised the Meteorology; Sir W. W. Hunter, 
K.C.S.I., C.I.E., suggested some improvements in the brief chapter 
on the Statistical Survey ; while Commander A. D. Taylor,late I.H., 
and Commander A. W. Stiffs, late I.N.. Colonel W. Barron, B.S.C., 
Colonel W. J. Heaviside, E.E., Mr. E. Roberts, F.R.A.S., and 
Mr. T. Cushing, F.R.A.S., have been obliging enough to give 
similar aid in respect of the chapters dealing with Marine Surveys, 
Revenue Surveys, Geodetic Observations, Tidal and Levelling 
Observations, and the Supply of Scientific Instruments, respectively. 
Colonel J. Waterhouse, B.S.C., Major H. Raverty, and Mr.^Ney 
Elias, C.I.E., have also given valued assistance m other ways. 
Last, but by no means least, Dr, Jas. Burgess, C.I.E., has shown 
great interest in, and supplied most useful information for the 
Chapter dealing with Indian Archaeology, a subject in which he is 
an eminent and acknowledged authority, 

My object has been to supply an outline sketch of the remarkable 
labours achieved during the last fifteen years by the chief Indian 
scientific departments, and to facilitate reference to the detailed 
records of those services. Any possible success that may have 
attended this effort is greatly due to the kind encouragement and 
co-operation shown by the above gentlemen. 

CHARLES E. D. BLACK. 


London, October, 1891. 
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tlie survey during the year 1876-77. The Admiralty chart of 
Tavoy river was also found to be very erroneous, but during' a brief 
stay Commander Taylor' was enabled to take observations and 
soundings which resulted in a more reliable chart being pro¬ 
duced. At Junkseylon he met Captain A. de Richelieu, Siamese 
Royal Navy, commanding the gunboat “ Coronation,” from whom 
an excellent preliminary survey of that island was obtained, and 
published at Calcutta.* - 

In July Commander Taylor proceeded, with Navigating Sub-. 
Lieutenant E. V. Petley, R.N., to False Point to report how the 
sum of Rs. 30,000, applied for as a loan to the Port Fund, could best 
be spent in the interests of the port. On this an elaborate report 
was submitted to Government. In the following March lie was 
deputed to Goa with instructions to visit the harbours of Ifarwar 
and Marmagao and report on their relative merits as shelter-giving 
anchorages during the S.W. monsoon. On careful consideration, 
Commander Taylor came to the conclusion that Marmagao was 
superior as a natural harbour, and in some respects as regards the 
practicability of malting improvements quite equal to ICarwar. Two 
officers, Nav. Lieutenant Jarrad, R.N., and Mr. Ealle, were sent to 
survey Madras roadstead, and a careful sectional survey of the 
part of the roadstead and beach abreast of the native town was 
commenced by them and continued by Lieutenants Hammond and 
Pascoe on the scale of 600 feet to 1 inch. 

Lieutenant Jarrad’s next work was to connect, astronomically, 
Diamond Island, Rangoon, and Amherst Pagoda, the three principal 
stations in the Gulf of Martaban essential to the reproduction of 
a new chart of that locality. An elaborate sectionally sounded 
double elephant sheet survey of Moulmein river approaches was 
excellently carried out, comprising 105 square miles of water 
closely examined, and 36 miles of coast trigonometrically laid 
down. An important correction of the true bearing of Double 
Island lighthouse from Amherst point was obtained by Lieutenant 
Jarrad, who discovered the former to be If miles westward 
of its true position, notwithstanding that it had already been 
shifted a distance of 4J miles to the eastward of the positions 
shown on the Admiralty charts. His next stop was to commence a 
















had, curiously enough, been made exactly 40 years before. 
Several trigonometrical stations hail been fixed in the vicinity by 
Major B ranfill at the time of his connecting India with Oeylon in 
1S75, consequently Mr. Chapman was enabled to connect his marine 
work with ease and accuracy. The whole survey was shown on two 
sheets, and no fewer than 455 miles of water were sounded over. 
A avigatmo' Lieutenants Hammond and Pascoe paid a visit to 
Cochin, Beypur, and Calicut to ascertain what changes had occurred 
since the last surveys. At the first-named nearly half of Vypeen 
island was discovered to have been washed away, and other changes 
had taken place necessitating a re-survey. About 10 years ago 
the monsoon sea breached through Vypin island at Cruz Milagre, 
two miles north of the town, and so large was the body of water 
that great and costly efforts were made to close it. These for¬ 
tunately succeeded, hut during the two years of existence of the 
gap, the main ebb stream of the Cochin backwater was much 
weakened, and the sandy ridge of the bar was driven in about a 
cable's length by the monsoon swell, besides other changes. At 
Beypur and Calicut minor hydrographic data were noted, and the 
recess was utilised by Lieutenant Pascoe in preparing the fair 
drawings of the extended survey of Madras, which was added to 
the previous survey by Lieutenant Jarrad in 187C, the whole being 
shown on ono sheet and plotted on the scale of 10 inches to 
1 nautio mile. It extended from St. Thome on the south to 
Kasimodo on the north, and comprised 5f miles of coast, while the 
soundings were carried out to the 10-fathom line, i.e., between 
two and three miles off shore. 

Some important additions to the hydrography of the Siam coast 
were received from Captain'A. J. Loftus, Topographer and Marine 
Surveyor to the Siamese Government. The hydrographic work 
.executed by him extended along the west coast of the Gulf of Siam 
from Hilly Cape to Lem Chang P’ra, a distance of upwards of 
300 miles, and embraced Singora, Patani, and other anchorages 
hitherto entirely unsurveyed, and indeed unknown, and filled up a 
distinct gap in the existing charts of the coast. The work was 
well produced; elaborate notes were appended to the sheets 
explaining how the survey was carried on, as well as a large 
number of views of various parts of the coast. These sheets were 
reduced to convenient scale by Mr. E. C. Carrington and published 
by permission of the Government of India at Calcutta. 




The natural history investigations of the season 1S77—78 wore 
necessarily confined to examining, collecting, and preserving speci¬ 
mens of the fauna of the shores near Ratnagiri and Viziadrug. 
The area examined included the tract from the sea to the Western 
Ghats. It is only on the slopes of the hills that the various farina 
begin to be at all abundant, or to assume any individuality of their 
own. All the intervening tract of country is parched and barren, 
and composed of a thin soil overlying a substratum of trap rock or 
laterite, the latter being' apparently detrimental to the development 
of animal organisms. The want of an efficient surveying vessel 
hampered Dr. Armstrong’s operations, but a list of about GO 
ornithological specimens collected by hnn finds place in. his roport 
for 1877-78. Among miscellaneous papers submitted to Govern¬ 
ment by officers of the Department and printed in the Appendix to 
the Report for the year were the following :— 

Remarks oil some ports of the Madras Presidency, after inspection 
in April and May 1877. By Commander Taylor, late I.N. 

Report on some harbours, &c. of the Bombay .Presidency, after 
an inspection tour in May 1877. By Commander Taylor, late I.N. 

Remarks upon the supposed silting up ot the upper portion of 
Bombay harbour. By Commander Taylor. 

On the history of some of the oldest races now settled m Bombay. 
With reasons for supposing that the present island of Bombay 
consisted in the 14th century of two or more distinct islands. 
By R. X. Murphy, Esq. 

Extract from report by Mr. Morns Chapman, late I.N., on 
Paumben channel and Rameswaram island. 

In addition to various useful pieces of work performed by 
Mr. Carrington in the compilation of new charts and of hydro- 
graphic publications may lie mentioned the result of a visit of 
inspection to Bombay paid by him, on which oeeasion lio examined 
the whole collection of charts (11,787 in number) stored in the 
dockyard there. Of these, the vast majority (10,045) proved to be 
quite obsolete, and had consequently to be cancelled; the remainder 
(1,742) were corrected by hand up to the latest data by Mr. Carrington, 
and retained for issue to masters of vessels. 

One of the first matters to be settled in 1878 was the selection of 
localities where tide-gauges should be erected, with a view to the 
determination of the mean sea-level along the Indian coasts. This 
was settled by Commander Taylor in concert with Captain 
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scale, and on its completion the party moved to Marmagao, whero 
a minute examination of that port was made at the request of the 
Bombay Government, acting on the suggestion of the Engineer-in- 
Chief of the proposed Hubli-Marmagao Railway. This work was 
completed at the hottest period of the year, and was rendered 
exceptionally trying by the prevalence of the Kanara fever, which 
occasioned much sickness among the party. 

The special reports printed in the Appendix to the Annual Report 
for 1879-80 comprised reports on False Point harbour, and the 
great modifications and movements of sand going on there, two 
memoranda on Cooonada, and a new deep channel into the 
Godavari river, and a memorandum on the proposed breakwater 
at Marmagao, all by Commander Taylor, while some general notes 
on the topography and history of the latter place were written by 
Lieutenant Petley, with the assistance of Dr. J. Gerson da CuiTha. 

During 1880-81 the surveying operations consisted of a careful 
survey by Lieutenant Petley of the Bombay foreshore from the 
Prongs lighthouse to Mazagon, and to an average distance of 
7,500 feet seaward. The result was to discover many rocky 
patches and also less water on the Raleigh shoal than shown on 
the existing charts. Lieutenant Petley then proceeded to Goa, 
where by the 20th February all the seaboard coast and islands were 
mapped and 55 square miles of water were minutely examined, the 
sounding lines being run in sections, those over shoal and dangerous 
ground being as close as possible. The Portuguese Governor- 
General took great personal interest in the progress of the survey, 
and had it not been for this, the difficulties would have been far 
greater than they were, for the natives somehow formed the idea 
that the survey party were connected with the new salt tax treaty, 
which was very unpopular, and many petty annoyances often 
occurred. The survey of the Sunchi reef was awkward and 
perilous, as the sea when apparently quite smooth would suddenly 
pile up on the reef and develop into tremendous breakers, and with 
the place full of sharks, the danger from a capsize was great. A 
good descriptive and historical sketch by Lieutenant Petley of Goo., 
its forts, churches, rivers, islands, &c., is printed in the Appendices 
to the Reports for 1879-80 and 1880-81. In the month of May 
Lieutenant Petley made a hasty survey of the approaches to Princes 
Dock, Bombay. The general result of the season’s work at 
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Bombay was that eight miles of coast line were triangulated and 
20 square miles of water soundings were taken. 

Lieutenant W. H. Coombs commenced a survey of the port of 
Bangoon in November 1880 and completed it in March of the 
following year, the space sounded being eight square miles, and the 
length of coast measured a little more than 20 miles. Some notes on 
the history and topography of Bangoon were compiled by Lieutenant 
Coombs during his stay, and find place in the Beport. 

During the summer and autumn of 1881 Mr. P. J. Dalle executed 
a survey on the scale of 400 feet to the inch of that portion of 
Dowdeswell island (Orissa coast) which lies north of Hukitollah, and 
is most seriously affected by the action of the winds and waves of the 
southerly monsoon, as also by the river freshets. Mr. Dalle also 
made observations later on in the year on the set and velocity of 
the tides in the harbour. 

On the 3rd March 1881 the new surveying steamer “ Investigator ” 
was launched, and Lieutenant L. S. Dawson, B.N., an able surveyor 
of 18 years’ standing, possessing considerable experience of hydro¬ 
graphical matters, was.appointed to the command of the vessel, 
lie eventually succeeded Commander Taylor in the Superintendent- 
ship of Marine Surveys. 

The work at headquarters consisted in tendering advice on a 
variety of matters of a scientific description affecting navigation to 
the Government of India and the local governments and administra¬ 
tions. In May 1881 the superintendent was appointed President of 
a Committee on Indian Lighthouse Administration. 

In 1880 events arose which ultimately had a most important 
bearing on the future of the Department. In the early part of that 
year disagreements began to crop up between Mr. B. Carrington, 
the Superintendent of the Drawing Branch, and some of the Boyal 
Navy officers who had been lent for surveying service by the Lords 
of the Admiralty, and this culminated in the services of Navigating 
Lieutenant P. W. Jarrad, B.N., being replaced by the Government 
of India at the disposal of the Admiralty on the 6th Pebruary 1880. 
Lengthy correspondence followed between the Indian Government, 
the Commander-in- Chief on the East Indian Station, the Lords of 
the Admiralty, and the Secretary of State for India. This led 
eventually to the Government of India determining to institute an 
inquiry into the working of the Marine Survey Department, and a 
committee was appointed for the purpose under the presidency of 
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There was to be an office at Bombay under the Director of Marine 
with two draughtsmen and a clerk, and these officials were charged 
with the custody and care of the charts. 

Local governments and administrations and the several port officers 
were to promptly communicate all information regarding wrecks, 
lights, navigation, buoys, beacons, shoals, or other matters affecting 
the safe navigation of the seas, to the Director of Marine for the 
information of the surveyor in charge. The surveyor in charge 
was to be the adviser to the Government of India upon all matters 
connected with the navigation of Indian seas, the lighting and 
marking of the sea approaches to all great Indian ports and rivers, 
conservancy of harbours, and cognate subjects. 

This general scheme was approved by the Government of 
India.* The proposed staff as agreed to by them was to consist of 
one surveyor in charge and seven officers, all of the .Royal Navy, 
and nine assistant surveyors of the Indian Marine. The total cost 
of the scheme was to be Rs. 1,93,000, which was estimated to be a 
saving of Rs. 7,000 a year on the cost of the then existing establish¬ 
ment (Rs. 2,00,000 per annum), but as the actual expenditure of the 
latter was about half a lakh less than its sanctioned limit, the new 
scheme was in reality the more costly of the two. 

The Secretary of State duly accorded his sanction to these pro¬ 
posals, and the retirement of Commander Taylor on the 1st July 
1882, under the 55-year rule, enabled the re-organization to be 
completed. He was succeeded in the charge of the Marine Surveys 
by Commander L. S. Dawson, R.N. 

Commander Alfred Dundas Taylor, whose active Indian career thus 
practically came to an end, is an officer whose public service here 

His earliest eastern services were rendered in the Persian Gulf when 
he was a midshipman on board the Honourable Bast India Company’s 
ship “ Elphinstone.” On leaving that vessel in June 1843 he was 
granted a certificate as “ a first-rate navigator who promised to be as 
“ good an officer.” His surveying career commenced in the following 
year under Commander Montriou (succeeded later on by Lieutenant 
Selby) in the brig “ Taptee,” along the Conean coast below Bombay, 
and this work was carried on for four years. Promoted to the rank 
of lieutenant in 1847 the next two years found him on board the 




steam frigate “ Feroze,” in the Red Sea. In the autumn of 1850 
he was appointed to command the surveying vessel “ Pownah,” in 
which, during the next six years, he carried out'a survey of the 
Gulf of Cutch and the Malabar coast. In 1855 he examined the 
port of Karwar, and was then sent by Lord Harris (father of 
the present Governor of Bombay) to survey Coringa bay and 
Coconada port, on the Coromandel coast, and Cochin, on the Malabar 
coast. Resuming the latter survey, he finished southward as far as 
Calicut by the middle of 1859. Later in that year he was sent to 
pilot the expeditionary force against the rebellious Waghers at Bet 
and Dwarlca, and then proceeded to England on furlough. In 1862 
Commander Taylor was pensioned off on the abolition of the Indian 
Navy but, at the request of Admiral Washington, the Hydrographer, 
his services were utilised in the compilation of Sailing Directions 
for the West Coast of Himlostau, which work was published in 1865. 
Itwas during the course of the next few years that in his researches 
at the India Office, Commander Taylor became aware how little had 
been done to improve the hydrography of Indian waters, a subject 
eventually'brought by the Secretary of State under the notice of 
the Government of India, which led to the formation of the Marine 
Survey Department under Taylor’s charge.* 

During the six years of its existence, the cost of the Marine 
Survey Department had been as follows :— 


1875- 76 

1876- 77 

1877- 78 

1878- 79 

1879- 80 

1880- 81 


1,66,771 12 5 

1,40,484 0 1 

1,38,290 7 2 

1,60,207 11 7 

1,13,706 9 11 

1,94,607 0 Of 


Total Rupees - 9,14,067 9 2 

Or, on an average, Rupees 1,52,344 per annum. 

Under Commander Taylor’s superintendentship, i.e., from April 
1875 (the date on which work was commenced at headquarters) up 
to the end of September 1881, the publications of the Marine 
Survey Department consisted of the following:—68 new charts, 
* See Mr. Markham’s Memoir on the Indian Surveys (Second edition), p. 45. 
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great clianges in tie main condition of tie river were ascertained 
to have taken place. It was completed in the early part of 
March; no fewer than 168 square miles being sounded over 
on the 2-inch scale in the Rangoon river and its approaches, 
from the China Bakir river and entrance to the Port of Rangoon. 
The 'port itself was sounded on the 6-inch scale. It was ascer¬ 
tained that the time of high water at full and change of the 
moon at Rangoon had become about 45 minutes earlier than it 
was in the year 1829, a change accounted for by the scour of 
the river having increased in consequence of artificial embank¬ 
ments, &o. 

Cheduba strait and Eamri roadstead were next taken in. hand, 
a detached boat party under Lieutenant Helby, R.N., being told off 
to the former, while the “ Investigator’s" officers were engaged 
on the triangulation of the whole, as well as on the detailed 
survey of Ramri strait.. The survey of the approaches to Sando- 
way and l’ongoup, covering 301 square miles, had been made 
as mentioned above by Lieutenant Clianner. 

Boat party No. 1, under the charge of Lieutenant T, C. Pascoe, 
was employed during the latter part of 1883 on the survey of 
Quilon, where the Travancora Government was anxious to construct 
a deep-water harbour, there being no other harbour on the 
' Travancora seaboard, and the backwaters, which extend 100 miles 
altogether to the north and south, offering great advantages for 
boat traffic- up to the foot of the hills. The party returned to 
Bombay by Christmas day, and the remainder of the season 
was taken up with the surveys of Mahuwa or Mowa and 
Shial 'Bet. 

No. 2 Boat party, under Commander Palle, I.M., mapped out 
Yizagapatam and Calingapatam, and under Lieutenant Morris Smyth, 
R.N., who took charge on the 1st February, made a survey of 
Negapatam and Nagore. 

Thus the full programme drawn up for the Season 1883-S4 (with 
the exception of the search for the Sacramento shoal, which owing 
to the want of a vessel for the purpose had to be abandoned) was 
carried out, with the additions of the entrance to the China Bakir 
river, the approaches to Sandoway and Tongonp, and the port of 
Negapatam. The total out-turn for the season amounted to 
11 charts and plans, covering 746 square miles of soundings, with 
15 deep-sea soundings. 





The bar of the Dhimira river was found also to have altered 
considerably since 1882. 

In March 1885 an examination was made bj r the “Investigator” 
of the curious submarine ravine called the Swatch-of-uo-grouud, 
south of the Sundarbans. It was found to have an average breadth 
of nine miles, with a floor of from 600 to 400 fathoms depth, and 
inclined sides of soft mud of about 1 in 4. The mouths aud sands 
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Lieutenant E. C. H. Helby, R.N., in charge of No. 1 Boat survey 
party, completed the survey of the approaches to Bhaunagar com¬ 
menced in the previous season. Tbe soundings extended over 104 
square miles, charted on the scale of throe inches to a nautical mile. 
No. 2 Boat party, under Lieutenant M. H. Smyth, R.N., rvas 
engaged in buoying the China Bakir entrance to the Irawadi 
river, and in the survey of Mergui, already mentioned. 

On the “ Investigator’s ” return from the Western Torres islands, 
in March, she completed the southern approach to Mergui, taking 
in some 20 miles .of the beaten track to the southward. Preparis, 
Narcondam, and Barren islands were next visited, From the last 
two islands radiating- lines of soundings were carried out to ascertain 
their slope to the floor of the ocean. It was found that they rose 
from a depth of 1,140 fathoms, but that the north-east slope of 
Narcondam was being encroached upon by the outlying banks from 
the great rivers flowing into the Gulf of Martaban. The temperature 
observations taken seemed to favour the inference that no greater 
depth than 760 fathoms exists in any of the passages between the 
Andaman islands or between that group and Acheen. 

In May, Lieutenant A. Channel’, R.N., was again appointed as 
Surveyor in charge (Commander Carpenter being absent on leave 
in England). The following charts and plans were drawn during the 


Irawadi river from Thayetmyo to Bhar 
4 sheets. 

China Bakir river - 
Mergui Fells passage - 
„ Northern approach 

„ Kings island to Christmas island 

Cambay Perlm to Bhaunagar 
„ Narbada 


on f-inch scale in 

on 2-inch scale. 

„ 2 „ „ 


„ Mandwa Bay, Diu - - - „ 6 „ 

besides sailing directions, tidal, and other data. These were all 
completed and forwarded to the Admiralty Hydrographer, copies 
having been photo-zincographed by the Poona Office. 

The first place examined by the Investigator - was Hinze basin 
on the Burmese coast; the Moscos islands were then re-plotted, 
and the beaten track in the Mergui archipelago from Christmas 
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During- the recess the following charts and plans were turned 
out by the officers of the “Investigator” and her two boat 
parties:— 

Charts. 


White Point to Mergui 
Megna flats - ■ 

Beypur to Sacrifice rock 

Bans. 

Mergui archipelago - 


J inch to 1 mile. 
1-J inches - „ 


Forests strait - - I „ 

Tripalur reef, &o. - - 2 inches 

Beypur and Calicut roads - - 3 „ 

Ye river - - - S „ 

Approaches to ditto - - - 2 „ 

Baypur river bar - - 12 „ 

Cotta point and reef - - 3 ,, 


All except four of the above have been photo-zincographed for 
local use, and all except that of the Meghna flats, which was purely 
astronomical, were based on data of the Great Trigonometrical 
Survey. Sailing directions, tidal and other data were also 

For the next season the sanctioned programme comprised a 
survey of the western coast of the Andaman islands, and of the 
Ganiarn coast between Santapilly and Hurrichpoor in latitude20° N., 
but later on the Madras Government requested that that of the 
Ganjam coast might be postponed another year. 

A line of deep-sea soundings was carried from Porbandar to the 
Laccadive islands, one result of which was to indicate that the 
Laccadive submarine peaks spring from an ocean floor about 
1,100 fathoms, or one and a quarter land miles deep, and are 
themselves about the same height as the Western Ghats in those 
latitudes. 

A curious discovery was made at Ohitlac island, tending to prove 
the existence of a southerly current on the west coast of India. 
A large wooden tank had floated ashore over the reef in September 
1885 with a human skull inside, and from enquiry this appeared to be 
part of the wreckage of the British Indian wooden barque “ Jabree,” 
of 695 tons, with a crew ot 60 men and 40 passengers, an account 
of the loss of which is given in the Wreck Register for 1885. 
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to our knowledge of Indian Marine Zoology, more especially in 
regard to fishes, of which he has described 44 entirely hew to science, 
and 62 new to the Indian fauna. 

In the spring of 1888 the “ Investigator,” having completed the 
examination of the outlying dangers on the west coast of the 
Andaman group, took a north and south line of deep soundings 
about 100 miles west of the Andamans and Nicobars from latitude 
12° 40' to latitude 5° 45' ET. In the latter position a submarine 
elevation was found representing a submerged peak rising 2,000 feet 
high from the floor of the ocean, about half way between the Straits 
of Malacca and Ceylon. 

During the recess the following fair charts (with the exception 
of the 20-inch Porbandar harbour plan) were drafted and forwarded 
to the Admiralty Ilydrographer:— 



The “ Investigator ” left Bombay harbour on the 20th October, 
•and after having coaled at Colombo carried some deep soundings 
to the Andamans. Confirmatory evidence was obtained of the 
existence of the ridge or plateau of 1,700 fathoms found in April 
1888 about 170 miles west of the Andamans. Between this ridge 
and the islands there is a submarine valley of 1,900 to 2,000 
fathoms, which appears to stretch up from Acheen; on the west 
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side of the valley the water appeared to he slightly colder than the 
normal temperature of those depths. 

Arriving at Port Blair, No. 1 Boat party was landed for the 
purpose of making a survey of Diligent straits on the one-iuch 
scale, while the “ Investig-ator ” visited South Sentinel island and 
the bank off the S.W. point of Little Andaman, both of which were 
sounded. 

Before proceeding to the Orissa coast, deep soundings were taken 
across the bay. The Bay of Bengal proved to have a regular 
decline towards its mouth, the Andaman and Nicobar ridge forming 
its eastern boundary (the sea east of the Andamans being a separate 
basin); there is slightly deeper water nearer the coasts than m the 
centre, and the depth falls very suddenly from the 100-fathom line 
off the Snnderbunds to the 900-fathom line. If we take the slope 
of the bed of the bay between the 1,100 and 1,400 fathoms contours 
as being the true gradient of its fall, unaffected to any great extent 
by the detritus from the rivers, and carry this gradient, which is 
only 1 in 396, northward, we find that it brings the bed of the bay 
up on a level with its surface only when it reaches the foot of the 

The'survey of the Orissa coast was begun at the mouth of the 
Devi river, and first carried to the northward for 24 miles. This 
survey was on the one-inch scale, and was afterwards carried by 
the “Investigator” along the coast for a total distance of 199 miles, 
operations being greatly helped and expedited by the marks erected 
by the land surveyors. The mouth of the Devi river, the anchorage 
at Puri, and Gopalpur anchorage were also charted oil the four-inch 
scale. 

During 1889-90, the operations were carried along the Ganjam 
coast to the south of Gopalpur. A survey of the Coco Islands was 
also commenced during the same season, as well as an examination 
of the Bassein River and its approaches, by the boat party under 
Lieutenant G. S. Gunn, R.N. 

The Report for 1888-89 was the last submitted by Commander 
Carpenter, R.N., and in it he took the opportunity to draw up a 
brief review of past work, as well as a forecast of future operations. 
More than seven years had elapsed since the “Investigator” 
had made her first surveying trip, and in that time she had run 
some 44,000 miles, of which just half were actual lines of close 
soundings taken on various surveys. The “ Investigator’s ” boats 
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had, in addition to the parent vessel’s mileage, run some 11,500 
miles of similar soundings. This total mileage, however, was far 
from completing the shores of India. As a matter of fact, at that 
time only 1,715 miles or one-third had been charted sufficiently for 
safe navigation out of a total length of 5,100 miles, consequently 
much remained and even now remains to be clone before the coasts 
of India can be said to be adequately surveyed. 

The localities specially needing attention have been specified in 
a very valuable 'inemerandum by Commander Carpenter, which is 
attached to the Marine Survey Report for 1888-89, and a brief 
no’tice of these requirements is here desirable, and will form a fitting 
conclusion to the present chapter. 

The mouths of the Indus have not been examined since 1877, 
when they were surveyed by Lieutenant A. W. Stifle, and are 
continually reported to be shoaling seaward. A re-survey will 
have to be done astronomically with a mark boat aa a guide to the 
line of soundings. The original survey was made as far back as 
1848-49, and the examination in 1877 was only over the most 
projecting portion, which, however, is that which most specially 
requires attention from time to time. 

The Gulf of Outch shows signs of increasing trade, and before 
long the ports of Mundra, Tuna, Rojhi, and Salaya creek will require 
charting on scales sufficiently large for harbour improvements. 
The gulf was well surveyed for open navigation in 1852 by 
Lieutenant (now Commander) A. D. Taylor,* but the plotting on 
the chart requires fitting in with the land triangulation. 

The coast of Kathiawar from Dwarka point to Gogha in the 
Gulf of Cambay is fairly well shown, and an improved chart to 
Diu head is to be compiled, but Jafrabad, between Diu and 
Goapnath, requires charting on a large scale, and the whole coast 
needs sounding off. It was surveyed by Lieutenant Ethersey, I.N., 
in 1837, in a pattimwr. The operations now called for would occupy 
two years. 

The Gulf of Cambay is practically unsurveyed, with the exception 
of a portion from Bhaunagar creek down to Perim island and 
across to Broach, which represents about one-seventh of the whole 
area. The head of the gulf is shallowing up and becoming less 
navigable every year, and this is resulting in the banks at its 


See page 15. 
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mouth extending further seaward, and becoming more dangerous 
to shipping. It was also surveyed by Lieutenant Ethersey prior 
to 1845, and though a very creditable piece of work, considering 
the means at his disposal and the fierce tidal currents, the chart is 
now quite unreliable. The work would take three years. 

The Bombay coast, from latitude 20° N. as far as Bombay, has 
, been very slightly delineated, and the whole stretch is rocky and 
dangerous, but there is no immediate call for a survey, though 
the projecting reef near Danu, specified in the old Indian Navy 
Officers’ Memorandum of 1862, requires examination, and as 
local trade increases there will be a. demand for reliable charts 
of the small ports of call along it, while a harbour of refuge 
is especially needed somewhere midway between Danu and 
Bombay. A boat party could be employed here with advantage 
for four years, or it would take the “ Investigator ” herself about 
two years. 

At the northern end of the Kanara coast there are about 60 miles 
of very rocky coast, which though well surveyed by Lieutenant 
A. D, Taylor in 1856, are not charted so as to meet present require¬ 
ments. There is not sufficient protection here for a boat party, and 
the scale, to be adequate, should be two inches, which would occupy 
the “ Investigator ” two seasons. A detailed survey will soon be 
required from the Enciarn rooks to Gape Comorin, a rooky strip of 
the Travancore coast some 25 miles in length. On the Tinnevelli 
coast the Manapand shoals require proper delineation, and with the 
above-mentioned bit of Travancore coast would not take more than 
a single season. 

The Laccadive Archipelago was well plotted in 1844-48 by 
Captain Selby and Lieutenant A. D. Taylor, but the islands have 
never been properly placed in longitude. Several of the group arc 
three to four miles out of position and should be rectified by chrono- 
metric distances. This would take two months. 

On the eastern coast of India the large bay north of the Paumben 
Pass called Palk Straits is far from complete, the soundings being 
thick only in shore, while the banks which extend from Point 
Calimere to the north point of Ceylon are of sand and liable to 
change. In the event of the deepening of the Paumben Pass, an 
accurate survey of the banks will be required with the object of 
finding the best position for light-ships, buoys, &c. The small 
ports of Karikal, Cuddalore, Porto Novo, and Pondicherry require to 
C 2 
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be charted on a large scale, which with other miscellaneous work 
would take a season. 

Prom Madras to False Point the east coast of India was, until 
1888-89, quite unsurveyed, and as beacons have been erected by 
the land surveyors this important pioeo of work could be finished by 
1891. With the view of rounding off this survey, the portion 
between the Mahanadi river and the Palmyras shoals should bo 
examined and the soundings carried out in a south-easterly direction 
to 40 fathoms. This would then join on to the survey of the Pilot’s 
Ridge, and approaches to the Hug'li, executed by the Department 
in 1885. 

The Burma coast from 20 miles north of Elephant Point down 
to the Terrible Bocks has only been sketched, and many complaints 
are received from steamers trading up and down it. The coast is 
essentially rocky, and there are mud volcanoes at its south end 
which are liable to form new shoals. This coast would take throe 
years to complete. 

Passing over the extensive Cheduba Strait survey, we again come 
upon a large piece of coast 150 miles in length from Sandoway to 
Cape Kegrais, which has never- received more than a running Burvey, 
and that as far back as 1826-30. This part, until properly charted, 
is quite unapproachable for steamers owing to the numerous rocks 
and shoals that exist. But as it lies in a bight and out of the track 
of passing vessels, the requirement is not pressing. 

The Bassein river has not been examined since 1853, and has 
undergone great changes, but the upper reaches which connect it 
with the Irawadi shift so frequently that a marine survey would 
be thrown away, and vessels must depend only on their pilots. 
The entrance should, however, be sounded, and this could bo done 
by a boat party in one season. The Great Baragua mud flat, 
extending across the deltaic mouth of the Irawadi, has never been 
thoroughly delineated and was only sketched in during the early 
years of this century. In 1855 Captain Ward, I.N., made a survey 
of it and of the outer banks of the Sittang river, but unfortunately 
the drawings were lost. The Sittang river mouth, too, is a blank 
on the present charts, nothing whatever being known of its present 
channels. One season should consequently be set apart for a general 
sounding of the Gulf of Martaban and Sittang banks. 

The coast of South Burmah from Amherst to 1’akehan, a length 
of about 400 miles, with the exception of Ye River, l’avoy River, 
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Survey budget should be reduced from 240,000!. to 200,0001. Two 
topographical parties were abolished, one full party was transferred 
to Mysore, its cost being defrayed from the revenues of that State, 
and similar reductions were made in the Trigonometrical and 
Revenue Survey branches. These reductions, however, did not 
entirely commend themselves to the Secretary of State. Further 
information was called for, Lord Salisbury expressing- at the same 
time his hesitation in sanctioning to the full the proposed reductions 
except on general financial grounds or in consequence of some 
recent undue growth of survey expenditure.® The Government of 
India replied to this in August 1876, setting forth full details of 
the expenditure during the previous 1.0 years. Even this informa¬ 
tion, however, was not conclusive. The data, in the words of the 
Secretary of State, gave— 

as a reasonable ,Jdt of the inevrased desire for improved information, such as that 


His Lordship went on in his replyf to lay stress on the general 
usefulness of the work or the Department:— 

publication of good m»f» of all parts of the British provinces in India, feeling sensible 
that without them serious obstacles are necessarily interposed in the way ot tlicacquisi- 
tiou of that complete statistical knowledge of the country, the absence of which lias so 
long been a discredit to our administration, and the application of winch is so requisite 

I should'therefore be glad if"when the time comes for considering the details of the 
budget for the ensuing year, your Lordship should find yourself in a position to avoid 
further reductions in the grant to the Survey Department, 

These were statesmanlike words and undoubtedly would have 
borne fruit in at least arresting further reductions. But in the 
meantime a grave misfortune had arisen. A famine was over¬ 
spreading huge tracts of country, aggregating some 200,000 square 
miles, in Madras and Bombay, and 36 millions of people were in 
the most serious plight. It was, in fact, the most grievous calamity 
of its kind experienced in British India since the beginning of the 
century.! This terrible state of things and the heavy expenditure 
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1 Deputy Surveyor-General and Superintendent of the Revenue 
Branch. 

4 Deputy Superintendents, 1st grade. 

2nd „ 

3rd ,. 

1st „ 

2nd „ 

3rd „ 


23 Assistant Surveyors, 1st grade. 

25 „ „ 2nd „ 

27 „ „ 3rd „ 

29 „ 4th „ 

The designation of “ The Survey of India ” was given to the 
amalgamated Department, which was henceforth to be one body, 
its officers being held to be available for any description of survey 
work that might be required of them, and the whole being placed 
under the orders of Colonel J. T. Walker. 

A brief notice of the previous services of this distinguished 
officer seems here called for. 

Major (now General) J. T. Walker, R.E., C.B., F.R.S., LL.D., 
&e., succeeded to the Superintendence of the Great Trigonometrical 
Survey on the 13th March 1861, on the retirement of Major- 
General Sir Andrew Waugh; he became Surveyor-General and 
Superintendent of Topographical Surveys on the retirement of 
Colonel Thuillier on the 1st January 1878 ; and he held the three 
united posts until the 12th February 1833, when he quitted India 
preparatory to retirement. He had entered the corps of Bombay 
Engineers m 1844, served throughout the Punjab campaign of 
1848-49, and had been employed for the next five years in making a 
rapid military survey of the Northern Trans-Indus frontier, which he 
carried single-handed over an area of about 10,000 square miles, 
from Peshawar down to Dera Ismail Khan; he served in several 
encounters with the hill tribes on the Trans-Indus frontier, and 
during the mutiny of 1857 was severely wounded at the siege of 
Delhi; for his military services he received three medals and three 
clasps, a brevet majority, and the Companionship of the Bath. 


10 „ 

12 „ 

11 Assistant „ 

11 „ 

12 „ 

9 Surveyors, 1st grade. 
12 ,, 2nd „ 

16 „ 3rd „ 

22 „ 4th „ 
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mors difficult to determine than the co-efficients in the linear 
equations, for they consist of. summations of series of terms from 
the commencement of the cirouit up to the position of the angle 
whose error is the unknown quantity, whereas in the linear equations 
the co-efficients are merely the co-tangents of the angles. The 
solution of the equations was effected by Gauss’s method of minimum 
squares, in which every unknown quantity is given the weight due 
to the facts of observation of which it represents the error. The 
number of triangles in each circuit was so great that every equation 
usually contained at least a hundred unknown quantities and often 
many more, and thus the simultaneous.solution of any considerable 
number of circuits would be a matter of enormous labour, requiring 
every precaution to ensure accuracy in the execution of so large a 
mass of interdependent calculations. It was found practically 
impossible to undertake the simultaneous solution of the whole of 
the principal triangulation of India; the triangulation was there¬ 
fore apportioned into five sections, of which the dividing lines were 
the two longitudinal chains of triangles, one connecting Karachi 
with Calcutta, and the other connecting Vizagapatam with Bombay, 
and also the portiou of the central meridional chain of triangles 
called the Great Arc, which lies between the parallels of 18° and 30° 
Of the sections thus obtained, the four northern ones were of a 
quadrilateral form, and were called the North-East, North-West, 
South-East, and South-West Quadrilaterals, the directions having 
reference to certain points common to all the four sections at their 
convergence in Central India, namely, the Sironj base-line, which 
was the adopted origin of the linear element of the survey, and the 
Kalianpur Observatory, tbe adopted origin of the geodetic elements 
of azimuth, latitude and longitude. The fifth section embraced the 
whole of the Peninsula to the south of a line from Bombay to 
Vizagapatam, and, being triangular in form, is called the Southern 
Trigon. Bach figure presents an enormous amount of simultaneous 
interdependent calculation, greater than had. ever been executed in 
■ any survey, or probably in any investigation whatever. 

Of these sections ot the tnangulation the North-West, North- 
East, and South-East Quadrilaterals were reduced, and the final 
results printed and published at the head quarters of the Survey in 
Dehra Dun, by Mr. Hennessey and other officers directing the 
computing staff, under the immediate superintendence of General 
Walker. The results are contained in Volumes II. to IV. and VI. 
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to VIII. of the Account of tie Operations of the Great Trigono¬ 
metrical Survey. Of these volumes, nine m all—of 'which No. I. is 
on the Base-lines, No. V. on the Pendulum Operations, and No. IN. 
on the Longitude Operations—were published under Colonel Walker. 

The principal triauguJatiou of the Indian Survoy was designed, 
from its commencement, to furnish data for employment in tlio 
determination of the figure of the Barth. The central chain, executed 
by Colonels Lambton and Everest, which extends from Cape Comorin 
to the Himalayas, has several stations at which astronomical observa¬ 
tions of the latitude were taken to convert it into a geodetic arc, 
and it is a most valuable arc, and has been employed in all the latest 
and best investigations of the Barth’s figure. But east and west of 
this central chain there were several other meridional chains when 
the triangulation was completed, some of them of an accuracy at 
least equal to and perhaps greater than that of the Great Are, and 
these only required to have the latitudes of certain of their stations 
determined astronomically to become valuable meridional arcs for 
geodetic purposes. Moreover, a further contribution to geodesy 
became practicable as soon as a sufficient number of telegraph lines 
had been run over the country, by connecting certain of tlio 
trigonometrical stations with those lines, and then determining the 
differences m longitude between the stations telegraphically. 
Colonel Walker obtained a supply of new instruments for these 
observations, and a large number of astronomical latitudes and 
differential longitudes were observed under liis directions, and 
employed by Colonel Clarke, R.E., C.B., of the Ordnance Survey, in 
his latest investigations of the earth’s figure, published in liis work 
on Geodesy. Much of this work, however, still remained for 
completion on Colonel Walker’s retirement, but the principal 
triangulation of all India proper was completed, and the greater 
portion of it had been finally reduced. 

Colonel Walker also initiated the pendulum operations, which 
were completed under his superintendence, and the tidal and 
levelling operations, which are still in progress. 

In 1864 he went to Russia to make the acquaintance of the 
officers at the head of the Russian Topographical Department, and 
for several years he was indebted to them for copies of their latest 
maps of regions in Central Asia, which he employed in the com¬ 
pilation of the successive editions of his well-known map of 
Turkestan. He also did much to advance the operations of the 
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surmount and which necessitated the stoppage or' the operations. 
A large blank in the triangulation thus remained to be filled in. 
The Madras Coast Series (under the temporary direction of Captain 
T. r T. Carter, in place of Colonel Branfill) started from Southern 
Tanjore and worked northwards, so as eventually to effect a junction 
with the Madras Longitudinal Series at its eastern extremity. Tiro 
country was unfavourable for trumg'ulation, being flat, with innu¬ 
merable groves of valuable trees; the villages were Humorous, and 
• each covered much ground, and owing to the wont of roads locomotion 
was by no means easy. The famine, too, which was raging in 
Southern India during the season, made the question of supplies 
a difficulty, prices being excessively high, and the villagers occa¬ 
sionally disinclined to supply food at any price. The country 
traversed by the party skirts the coast of South Tanjore lor some 
fifty miles along lie north-western shore of Palk straits (the Sinus 
Argaricus of Ptolemy), and lies between the deltas of the Yaigai 
and the Cauvery rivers. 

In the following season the triangulation was carried by Colonel 
Branfill across tlm paddy swamps of the Cauvery delta into the 
valley of the Coleroou. The lofty tower of the Provincial College 
at Kumba fConam afforded an excellent station, which greatly 
facilitated the passage of the delta. An approximate connexion 
with the levels of the South of India Railway was effected, and 
seven of Colonel Lambton’s old stations were identified and con¬ 
nected. An interesting note on the physiography of the Cauvery 
delta, together with a list of the proper names of stations and places 
with root meaning's and notes on their characteristics, was compiled 
by Colonel Branfill during the season, and published by the Asiatic 
Society of Bengal. 

Next season (that of 1878-9) saw the party working across the 
alluvial flats of the Coleroou, Vella,r, and South Pennar rivers, and 
it was not till the hillock and rock-studded plain of the Carnatic 
was reached that the ground became favourable for triangulatiou. 
The great Siva temple of Gangaikondapuram, in the north-east 
corner of the Triehinopoly district, was visited and described by 
Colonel Branfill, and his paper thereon was also published in the 
journal of the Asiatic Society of Bengal. 

The operations of this party were brought to a conclusion m the 
year 1879-80 by the measurements of three polygons botween 
Pondicherry and Madras. Secondary chains of triangles were 
carried from the main chain to fix the positions of the lighthouses 
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at Pondicherri, Hegapatam, and other distant points, and in course 
of this work recourse was very frequently had to the lofty 
temples called GrOpurams, the temporary conversion of which into 
theodolite stations was successfully negotiated by the Assistant 
Surveyor, Mr. Potter. The principal triangulation being finished 
early in the season, Colonel Branfill proceeded to the west coast to 
connect the secondary triangulation which Colonel Lambton had 
brought up from Cape Comorin over the hills of Travaucore and 
Cochin to Ponani, early in the present century, with the secondary 
triangulation of the Malabar minor series. Colonel Branfill’s opera¬ 
tions closed with certain observations for the better connection of 
the triangulation on which the topography of the ISTilgiri Hills is 
based, with his principal triangulation. This completed the modern 
operations in Southern India, the greater portion of which fell to 
his share and were accomplished with considerable skill, energy, 
and perseverance. 

V The Eastern Sind Series, on the meridian of 70°, was commenced 
by Captain Eogers in 1876, at a side of the Karachi Longitudinal 
series. It lay across a country of sheer desert, composed mainly of 
parallel ridges of sand of considerable height with steep slopes 
covered with low thorn jungle ; occasionally these sandhills disappear 
and give place to a variously moulded surface of ever shifting sand 
utterly devoid of vegetation called “ draens.” Curiously enough, 
wells of good water are occasionally found in these spots, the 
water in other parts of the desert being scarcely drinkable. The 
villages are for the most part built on the tops of the sand¬ 
hills, which in winter are warmer than the valleys. During 
1877-78 the rains failed in Sind, and Captain Eogers was 
consequently despatched to carry a secondary tnanerulaiaon from 
the western frontier of Sind into Baluchistan along the line 
between Jacobabad and Quetta, a series much needed for the 
correction of the maps of Southern Afghanistan and Baluchistan ; 
the position of Kandahar in particular being placed on one of the 
best maps 15 miles west of its real position. Towards .the 
British frontier there is a great dearth of water and vegetation, 
but near the hills there are ravines and watercourses, several con¬ 
siderable villages, and traces of much greater prosperity and 
population in times past, the subsequent deterioration being attri¬ 
buted mainly to the unsettled condition of the country. Captain 
Eogers laid out several triangles near the entrance to the Bolan 












fleeced sheep, and herds of cattle and Tibetan goats, as well as a 
few yaks. There are five principal passes leading from Huncles into 
British territory, and the traffic over them is carried on between the 
15th June and the 15th October. The passes, however, are not 
declared open till the authorities have satisfied themselves as to the 
absence of epidemics in the Ghats, the effect of small pox, &c. on 
some occasions among a people so indifferent to cleanliness having 
been terrible. Shawl wool is taken in large quantities to Amritsar 
and other places in the Punjab, while sheep’s wool is also largely 
exported to the Himalayas, where it is made up into blankets and 
serges. 

In the following year Mr. T. Kinney was despatched up the 
Bhagirathi valley to supplement Mr. RyaH’s observations in the 
direction of the Nilaug valley and the Tsaprang district of Hundea. 
The Bhagirathi forms the westernmost source of the Gauges, and 
the gorge through which the Nilang valley is entered is terrific in 
aspect; snowy peaks, from 20,000 to 21.,000 feet in height, 
towering overhead, while the stream flows 10,000 feet below, walled 
in by sheer precipices sometimes 3,000 feet in height. The descrip¬ 
tion given by Captain Hodgson in 1817® fully bears out Mr. Kinney’s 
more recent account. Owing to the Tibetan frontier officials having 
been sharply censured by the Governor of Gartok (who lias supreme 
authority over the province of Huncles) for allowing Mr. Ryall to 
cross the frontier the year before, Mr. Kinney was unable to do 
much more than fix some of the Tibetan peaks from the crest 
the watershed, some 19,000 feet in height. The cold was intense 
throughout, and as the party were forced to encamp at least 
4,000 feet below, much time was spent in travelling to and fro, and 
the out-turn of work not so great as it would have been under 
favourable circumstances. 

The secondary triangulation in the Assam valley was carried on 
by Lieutenant Harman, in 1876-77, with his customary energy, 
notwithstanding the unfavourable weather, incessant rains flooding 
the nullahs and turning the forest paths into streams of mud anil 
water, which brought out myriads of leeches, to the great discomfort 
of the party. Huge india-rubber trees had often to be felled, though 
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and British Burma into Tenasserim, and closed on to a base-lino of 
verification in Mergui, near the southern extremity ot the British 
territory east of the Bay of Bengal. Tims the principal triangula- 
tion of all India had been completed on the lines originally marked 
out by Colonel Everest and sanctioned by the Honourable Court of 
Directors of the East India Company. A brief retrospect of the 
history of this great undertaking, epitomized irom General Walker’s 
^^excellent account thereof, may be here given. 

The Great Trigonometrical Survey of India originated in a 
so-called “mathematical and geographical survey,” which was 
commenced in Southern India, in the year 1800, by Major Lambton 
of H.M.’s 33rd Regiment of Boot, on the recommendation of tlio 
Honourable Colonel Wellesley, afterwards Duke of Wellington. Its 
object was, in Major Lambton’ s words, to “ determine the exact 
“ positions of all the great objects that appeared best calculated 
“ to become permanent geographical marks, to be hereafter snides 
“ for facilitating a general survey of tho peninsula; ” and as at 
that time the elements of tho figure of the earth were not known 
with sufficient approximation to enable the latitudes and longitudes 
of the “ great objects ” to be computed with accuracy from the data 
of the triangulation, Major Lambton pointed out that his intended 
survey would, in the interests “ of genera) science involve many 
“ more objects than that immediately appertain to geography,” 
and that portions of tho triangulation would have to be executed 
with the utmost possible precision, and be supplemented by astro- 

--nomical determination of position, with a view to the requirements 

of geodesy. 

Between the year 1800 and 1825 the operations consisted of a 
network of triangulation over Southern India, grounded on, and 
verified by, several chain-measured base-lines, through tho middle 
of which a principal chain of triangles was carried in a meridional 
direction, from Cape Comorin up to Sironj in Central India. This 
chain formed the southern portion of what is now known as Lambton 
and Everest’s Great Arc. Its angles were measured with greater 
care than those of the collateral network, and at certain of its 
stations astronomical observations of the latitude were taken for 
the determination of the included minor ares of amplitude. Colonel 
Lambton died in 1823, and was succeeded by Colonel Everest, who 
found no difficulty in obtaining carte blanche from the Government 



chains of comparatively rude construction and of uncertain length. 
This programme of operations was approved by the Government of 
India and the Court of Directors, and it has furnished the guiding 
lines on which the principal triangulation has been executed during 
a period of almost exactly half a century. 

For convenience of treatment in the final reduction, the whole 
of the chains situated within the limits of India proper have been 
grouped into five sections. Four of these are roughly four-sided in 
outline and are respectively called the North-East, North-West," 
South-East, and South-West Quadrilaterals, names m which the 
cardinal points have reference to the Kalianpur Observatory in 
Central India, which Colonel Everest adopted as the origin of the 
operations subsequent to 1832. The fifth is three-sided, and is called 
the Southern Trigon, and embrace the southern portion of the 
peninsula, below the parallel of Madras. The North-East Quadri¬ 
lateral was completed first of all, and here it will be seen, on reference 
to the Chart of the Principal Triangulation, that the meridional 
chains of triangles lie at intervals of about one degree apart, as 
originally designed by Colonel Everest. But in the sections sub¬ 
sequently executed the intervals between the meridional chains were 
materially increased, as the minor triangulations which in course 
of time came to be executed by the topographical surveys were of 
such accuracy that a smaller amount 01 principal tuau^ulatum was 
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in the Appendix to the Report of the Surveyor-General for 1884-85, 

Central Provinces, fyc .—Turning now to the operations which had 
been progressing in the east of the Peninsula, we find that the season 
1876-77 was signalised by the completion of the Central Provinces 
and Yizagapatam Agency Survey, embracing altogether 72,144 
square miles. The difficulty and unhealthiness of work in this 
region had been almost proverbial from its commencement, and its 
successful termination was a matter of genuine congratulation; 
the previous operations were mainly associated with the name of 
Colonel Saxton, who is frequently mentioned in the “ Memoir ”: 
to Captain Holdich belonged the credit of completing the. work, 
though this was not done without much cost and suffering to all 
the members of the party, some of whom were so prostrated 
by jungle fever that they were with difficulty removed from the 
field on the conclusion of the work. The characteristic features of 
the country where the concluding operations lay were extensive 
plateaux of from 1,800 to 2,000 feet above sea-level, surmounted by 
masses of flat-topped hills. These high lands are a continuation 
of the great plateau system of Central India, which decreasing in 
elevation by a succession of steppes finally breaks to the west 
into the low-lying plains forming the basin of the Godavari. The 
p-eological structure of this part of tho country is mixed, being 
composed of trap and varieties of sandstone and slate ; the first 
occurs in the higher flat masses, while the two latter predominate 
in the lower hills, and are distinctly separate one from another, a 
circumstance producing bold, rugged, and ever-changing scenery, 
but always the same endless monotony of forest from the plains 
to the highest peaks. The Pertabpur taluk on the right bank of 
the Kotri abounds in tigers, and sometimes whole villages are 
deserted throngh their depredations. 

Another survey also brought to a conclusion in the same season 
was that of No. 4 party, N.E. Division, Central Provinces Survey, 
which had originally been organized by Colonel De Pree in 1856, 
and during the 22 years of its existence had triangulated and 
mapped on the one-inch scale a tract of country extending from the 
Bay of Bengal at Balasor to a point nine miles east of Jabalpur. 
This tract extends over nine degrees of longitude, and on an 
average two degrees of latitude, and its area amounts to nearly 
25,000 square miles. The difficulties overcome here were t>f no 
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of the Irawadi is even now (1893) very important, as the esta¬ 
blishment of a direct means of communication between the two 
countries will be a great administrative and commercial gam, and 
help towards opening up this part of Upper Burma. No. 6 survey 
party, consisting of Colonel Woodthorpe, Mr. Ogle, and Mr. Ewing, 
with an escort of the 44th Gurkha Light Infantry, and some 
Frontier Police under the command of Major 0. R. Macgregor, 
explored this tract in 1884-85, ascending the Noa Dihing river 
from Sudiya, and crossed the Chankau pass (8,400 feet) over the 
dividing range. Prom an adjoining mountain, Mokoshat, the 
Brahmaputra and Irawadi rivers can both be descried on a clear 
day. The inhabitants of this part of the Upper Irawadi are 
Kamtis or Sbans, and Buddhists by religion; Major Macgregor 
believes them to be of Siamese stock. The reception they gave the 
English was friendly, and they appeared to he particularly honest. 
The furthest points reached by the surveyors were Langdao and 
Padao (the capital) on the M’Li-kha river (one of the affluents 
of the Irawadi), a little south of Lieutenant Wilcox’s furthest, 
after which the party returned and crossed the mountains at an 
altitude of 5,500 feet into the head waters of the Kyendwen, 
re-crossing eventually by the Patkoi pass (2,860 feet) into Assam* 
Part of the region to the south-west, intermediate between the 
Naga hills and the Hukong valley, was explored in 1888 by an 
expedition under Mr. J. F. Needham, Assistant Political Officer at 
Sadiya, Mr. Ogle being again attached thereto as surveyor. The 
starting point was Margherita, the terminus of the Assam Railway, 
which was left on the 4th January, and to which the expedition 
returned on the 28th February, having failed to reach their objective 
point in the Hukong valley owing to difficulties in obtaining 
carriage, the lateness of the season, and other causes, but having 
demonstrated the practicability of reaching the Hukong valley by 
two routes, viz., 1st, by the Nongyong lake, and 2nd, by the Naga 
hills route, which goes through the mountains south of Margherita. 
The pass over the Patkoi on the outward journey was found to be 
4,147 feet, while that on the return was 7,192 feet above sea-level. 
About 1,500 square miles of entirely new country lying south of 
the Patkoi range (up to which the surveys of 1873-74 had been 
carried) was surveyed by Mr. Ogle, who has established a reputation 
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the season. But in 1876-77 a serious famine overspread tlic 
greater part of Madras, and survey work in Mysore had con¬ 
sequently to be restricted to those tracts in the Naudidrug and 
Nagar divisions where it was easier to obtain water, provisions, and 
forage. This seriously lessened the out-turn of work of the two 
parties (Nos. 8 and 9), and at the close of the season, as so many 
members of these parties had been necessarily deputed to famine relief 
duties, it was deemed better to amalgamate the remaining survey 
officers into one party under Major TI. II. Ihuillier, II.II. (now Sur¬ 
veyor-General of India). On taking the field next year the prospects 
were better than could have been expected, considering the disasters 
to which the province had been subjected. The tanks were well 
filled, pasturage was abundant, and but for the deserted look of the 
villages a stranger could not have imagined that famine and 
drought had so lately been devastating the country. Nevertheless 
the season was particularly unhealthy. Fever of a virulent type 
broke out early in the field season in many parts, and all the 
European members of the party, except the officer m charge, were 
laid up, while the menial establishment, without a single exception, 
suffered more or less. During 1878-79 seven surveyors, assistants, 
and sub-surveyors rejoined the party after being temporarily 
employed on famine relief duties, so that it became practicable to 
split the party again into two detachments. One of these detachments 
was engaged in triangulating the western part of the State, pre¬ 
paratory to a detail survey of the tracts between Mysore and South 
ICanara, so as to aid in t.he settlement of the long-debated frontier 
survey, while the other detachment was occupied in the detail survey 
of part of the Nandidrug division. In the Malnad, as the country 
over which the triangulation extended is called, the principal feature 
is the Western Ghats, rising to a height of over 6,000 feet, covered 
for the most part with magnificent virgin forest, and forming the 
source of numerous rivers. The western face of this range is 
extremely precipitous, so as to be nearly inaccessible from that side, 
hut from the eastern face numerous spurs branch out in all direc¬ 
tions, and form more or less continuous chains of hills, which with 
innumerable undulations overspread the greater part of the State. 
The Malnad is essentially the country of rain and fog, and two or 
three mouths immediately after the monsoon season it is looked 
upon as most unhealthy for those not acclimatised to it. Its staple 
products are coffee, betel-nut, cardamoms, and pepper, and the 
trade is mainly effected by means of pack-cattle, locomotion being 
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year the country was exceptionally difficult, fully half of the area 
consisting of interminable forest and jungle, very sparsely populated 
even when villages existed at all. The most ordinary supplies (in¬ 
cluding water) were obtained only with great difficulty ; the heat was 
intense, severe and continuous physical exertion had to be maintained, 
the detachments were constantly molested by wild elephants and other 
beasts, and the unhealthy season prostrated several members of the 
party and a large number of the menial establishment. The entire 
survey was fiually completed by Major McCullagh, R.E., in the 
middle of April 1886, and the whole of the records brought to a satis¬ 
factory termination by the 1st of October the same year. The area 
of the Mysore State proved to be 29,305 square miles, which was 
over 2,000 square miles in excess of the estimated area. A strip 
of the country was also surveyed outside and all round the Btate 
boundary. The Mysore Survey was based on portions of the three 
principal series of triangles known as the “ Great Arc Meridional,” 
the “ Mangalore Meridional,” and the “ Madras Longitudinal.” 
At the time of its commencement, in addition to the strictly 
topographical work on the scale of one inch to one mile, special 
surveys on a large scale of the various State forests within the 
province were contemplated, hut after three of these forests, viz., 
Bilikal, Nandidrug, and Dwarayadurga had been completed, it 
was decided that no more should be undertaken. The mapping of 
the state is contained in 70 standard sheets, 4 sheets of Reserved 
Forest Surveys, and 19 sheets of Cantonments and City Surveys, 
chief among which were the surveys of Bangalore and Mysore 
towns. The survey was originally commenced in November 1875, 
and thus took 11 years to complete. The cost was entirely borne 
by the revenues of the State of Mysore. 

On the conclusion of the Mysore Survey the party was transferred 
to the Madura and Tinnevelli districts of the Madras Presidency, 
it having been arranged between the Governments of India and 
Madras that the topographical work remaining to be done in the 
Piesideney, aggregating about 12,400 square miles, should be 
surveyed on the 1-inch and the forests on the 4-inch soale by 
the professional Survey Department instead of by the Madras 
Revenue authorities. The adjoining Native States of Travancore 
and Cochin were also to be surveyed on the 1-inch scale, the old 
maps of the mountainous tracts of these States being very deficient. 
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the Dangs survey, this being divided into four annual instalments, 
and the Baroda Government contributed Bs. 5,500 per annum 
towards the expenses of surveying their State, on the 'condition 
of 550 square miles per annum being surveyed until completion of 
the whole. In April 1S81 Colonel Haig, who had liad charge of the 
party for some years, was deputed to the Geographical Congress 
at "Venice,* and the command devolved first on Captain Hobday and 
then on Lieutenant-Colonel Leach, Y.C., R.E. The survey in the 
Dangs forest, which in previous years had been found to bo attended 
with much malarious fever, had by this time reached a more open 
country, and it was thought the field work might be safely com¬ 
menced early in the season; unfortunately the ground is then 
covered with high dense grass, and all the surveyors, European 
and native, with a single exception fell ill, thus the experiment 
failed and the season’s out-turn of work fell below what had been 
expected. During the same year (1880-81) Mr. Le Mesurior and 
the native establishment of the Bombay Bevenue and Settlement 
Department were re-transferred to their own department after 
having been attached to the Gujrat Survey for eight years, during 
which time they had done good service in map-drawing and 
incorporating the details from the Bombay Bevenue Survey maps 
into those of the professional survey party. In 1881-82 the plane- 
table work included the northern part of the Baroda State which is 
watered by the Saraswati river, and to which much historic interest 
attaches. Patan, one of the chief towns in that locality, is built 
on part of the site of Anhilwada, the old capital of Gujrat before 
Ahmadabad was built. Anhilwada is said to have been 18 miles in 
circumference, and the heaps of old ruins to be found for miles 
round Patan seem to corroborate the statement. Patan and Sidlipur 
are both situated on the Saraswati river, which is venerated as a 
goddess, and the latter town (Sidhpur) is a noted place of pilgrimage, 
the remains of the Rudra Mala Temple of Shiva being an object of 
considerable arohasological interest. Another remarkable feature 
of the season’s survey was the hot sulphur spring of Unai on the 
boundary between the Baroda and Bansda States, into which at 
certain seasons crowds of people rush and hatlie without cessation 
for two or throe days together. The water as tested by Colonel Haig 
was of the temperature of 138° Fahrenheit, hut this is probably 

* Two medals were awarded at this Congress to meritorious Indian nativeTIJIplorra" 

one being assigned to M-S- (see page 1-12) and Urn oilier to A-1£-1 

(p. 156). 
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Commissioners of Kohat ancl Bannu ; they are, however, men of 
splendid physique, inured to all weathers and of great endurance, 
and it is a great pity that they do not accept employment under 
our Government. 

Mr. Claudius surveyed a small area of ground, including Kohat 
itself, and the hill sanitarium of Mirkhwaili. He states that the 
whole of Til-all is well supplied with Sniders, and a number of men 
carry good Martini rifles. They boast that these weapons are 
plunder, secured during the recent campaigns in the Khaibar and 
Kuram routes. For the Sniders they have such an abundance 
of ammunition that cartridges are actually bought from Tirah by 
our men cheaper than in India. The manufacture of cartridges 
for the Martinis is even said to have been commenced by them 
with success. 

The survey was finally brought to a conclusion in 1S82-83, and 
a large scale plan of Kohat city and cantonment was completed 
the same year. The efforts made to reconnoitre the adjacent 
frontier under the protection of the tribes proved very successful, 
and thanks in great measure to the interest taken in the work by 
Major Holdich, the results were to supply reliable maps of the whole 
strip of territory extending from the Kabul river on the north to 
the Gumal on the south, the only exception being a small tract of 
country near the Gumal pass. With the assistance of No. 5 Topo¬ 
graphical and No. 3 Revenue parties, Major Holdich was enabled 
during the recess to complete for publication the whole nine standard 
sheets of the survey of the Kohat district. The work being 
completed, the party was broken up, and Major Holdich with most 
of his assistants were transferred to the Baluchistan Survey. 

Baluchistan .—In September 1879 Major R. Beavan was directed to 
proceed from Kandahar to Quetta to survey the country between and 
around Quetta and Sibi. On arrival at Quetta, finding that an expe¬ 
dition was about to start to explore the route to Sibi, via the Hanna 
or Hamra pass, he accompanied them, arriving at Sibi on the 
12th January 1880, just in time to see the opening of this part of 
the railway and the arrival of the first railway train. He subse¬ 
quently visited Kkost in the Dargi valley, and then Tal, from 
which place he subsequently accompanied military expeditions 
towards Chotiali and to Baghao and Sinalan on the north-east. 
Major Beavan’s reconnaissance on the J-mch scale covered about 
2,500 square miles, and extended from Quetta to Tal, Chotiali, and 
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down to Sibi. It proved of great use afterwards to the engineers 
employed in laying out the new line of railway. Some valuable 
survey work around Sibi, Mitri, and Dadur, was done by Messrs. 
Cozen and Corkery, assistant surveyors, who showed great tact in 
dealing with the Patkan and Baluchi inhabitants of the country. 
The obstacles in the way of survey work in Baluchistan were 
altogether exceptionally great. The local means of carriage were 
monopolised for the service of the troops, and the camel owners 
realised such enormous profits by carrying Government stores at so 
much a maund that they refused to take service by the month. 
Dust storms and haze were very persistent at times and prevented any 
satisfactory observations from being taken, water was often terribly 
scarce or almost unfit to drink, and as a natural result of bad water 
and an unequable climate, sickness was rife among both Europeans 
and natives. Another great drawback in Baluchistan is the 
extremes of temperature experienced. From March to November 
the low country is intensely hot, and from November to March the 
highlands between Quetta and Khelat arc intensely cold, while 
during June, July, and August thick haze prevails. 

By an order of the 12th July 1880 the party under Major 
Beavan’s orders was organized as a regular party for the survey of 
Southern Afghanistan, Baluchistan, and the adjacent country under 
the designation of the “ Baluchistan Topographical party.” 

During October, November, and December 1880 Major Beavan 
accompanied the expedition into the Marri country, but the unsettled 
state of the country rendered it impossible to leave the line of 
march in order t,o ascend any commanding heights. A. survey of 
the actual line of route with bearings and paces was taken by 
Captain W. Gill, R.E. 

The work of Major Beavan’s party was described by him as a 
geographical reconnaissance on the J-inch scale of Sewestan and the 
Marri hills, and a more elaborate survey on the -J-inch scale of 
the territories subject to the Khan of Khelat. In a geographical 
point of view Major Beavan applies the name Sewestan to the 
district drained by the Nari river and its affluents, one of rugged 
broken ranges of hills running mostly east and west. Huge cracks 
or crevices have been formed across the line of hills, and through 
these the .drainage of the country makes its way, presenting the 
anomalous condition of parallel valleys with rivers running at right 
angles to them. In many parts the sandstone rocks lie broken and 
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the passes is tolerably elevated, and the surveyors’ camps were often 
over 5,000 feet, but on the whole the country was eaay to survey. 
The Kachi plain was the only tract differing essentially from this 
description, and that corresponds more in climate and general 
conditions to the adjacent Sind plain. 

The party sustained a loss in the death of Mr. G. It. Copping, a 
young surveyor of great promise, who had served six years with the 
party. He was suddenly taken ill, apparently with fever, in one of 
the most desolate spots on the frontier, and was carried by his 
khalassies into Sibi to die. 

An interesting description of the Marri country, with its three 
settlements, Kalian, Mamand, and Kolu, as well as of the Kachi and 
Harnai valley, was supplied by Captain Waliab, and will be found 
in the Appendix to the Report of the Surveyor General for 1884-85.® 

During the next season the command devolved on Colonel Wilmer 
and the operations consisted almost entirely of special surveys for 
military purposes,-viz.:—(i.) A survey on the 2-inch scale of the 
Khwaja-Amran range, towards Kandahar; (ii.) A survey on the 
2-inch scale of the country surrounding Quetta; (iii.) An explora¬ 
tion of the routes between Begistan and the Baluchistan frontier. 

The triangnlation in advance of the detail operations of the season 
was carried by Mr. Claudius southwards from Gulistan and generally 
along the meridian of 66° over Southern Pishin, the fertile valley of 
Shorawak, and the Shorarud hills. This triangnlation connected the 
Kandahar, Khelat, and south-west Baluchistan Series, and furnished 
good bases for further extension westwards. Mr. Claudius wrote an 
interesting description of the country traversed, which has been 
printed .separately. 

The explorations under (iii.) were carried out by Sub-Surveyors 
Ahmed Ali and Sheikh Mohidin. The former started from Nushki, 
succeeded in making a reconnaissance survey with the plane-table of 
nearly 20,000 square miles, mostly on the J-inch scale. His explora¬ 
tion extended up to the Persian frontier, embracing country well to 
the north and south of the route followed by the Boundary Com¬ 
mission in 1884, including 360 miles of the course of the Helmund 
river, with its numerous villages on both banks. The country 
explored by Sheikh Mohidin was the portion of Begistan immediately 
west of the Khwaja-Amran range. His plane-tabling covered an 
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next district taken in hand, but here it was decided that the 16-inch 
cadastral scale should be reverted to. Various improvements in the 
procedure were devised, one being a change in the scale of the 
general maps reduced from the cadrastral surveys, from four inches to 
two inches to the mile, and an alteration in the style in which they were 
drawn, admitting of their being further reduced to the 1-inch scale 
in the photographic office at Calcutta, without the necessity of being 
drafted afresh. Another improvement effected was that no field 
books of field measurements were prepared, the measurements 
being plotted instead on the original plans at once in the field, 
while the Settlement Officer, instead of being supplied, as for¬ 
merly, with skeleton lehusras, or field registers, was supplied with 
copies of the field area calculation books, which required no 
additional labour in their preparation, as they are made in 
duplicate. It was calculated that from these two simplifications, 
viz., doing away with the field books of measurements and the lehusras, 
about 100 additional square miles were surveyed during that season, 
and the cost of the work was reduced by 30 rupees per square mile. 
In 1882 Ghazipur was completed and Ballia (commenced in the 
previous season) was continued, but in the case of some of the 
villages in the latter district, the small size of the fields necessitated 
an increase in the scale to 32 inches to the mile. A 4-inch survey 
of a line of villages in the Shahabad and Sarun districts of Bengal, 
on the banks of the Ganges, and Gogra, opposite to Ghazipur and 
Ballia, was also put in hand, the Government of Bengal having taken 
advantage of the presence of the survey officers to hare a reliable 
map of the low-lying country liable to inuu elation, with full details 
of the village and estate boundaries, in one series of maps for both 

In 1882-83 the operations had reached the Benares district, and 
here a very important change was introduced, in that the field 
surveyors, who hitherto had prepared maps only, had now the duty 
assigned to them of also writing the lehusras or field registers, 
including the names and record of rights of the proprietors and 
tenants. The additional work of lehusra writing had already been 
given, during the preceding season to the cadastral party employed in 
the Mirzapur district, but there the system differed somewhat from 
■that adopted for Benares. In Mirzapur the &7tusra-writing and 
nothing more was done during the season of survey, the jamahanik- 
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slips being compiled from the Jshusras during the ensuing recess, and 
both hlmsras and slips being then completed by having the field areas 
entered in them. The papers were then ready to be handed to the 
settlement' staff, who took the field the following season to attest the 
ja uh h entries, and complete all other papers connected with the 
record of rights. The Benares system was for the settlement staff 
to take the field along with the survey staff, and for the two depart¬ 
ments to work in co-operation, so that all the papers could be 
prepared in one season. Briefly stated the system was:—1st, the 
settlement staff supplied the survey amins with such information as 
would enable the entries in the hlmsras, regarding the shares of the 
proprietors and the occupancy rights of the cultivators, to be correctly 
recorded. 2nd, the village patwari accompanied the amin during 
the survey, and wrote a copy of the hhusra exactly similar to the 
amin’s copy (except that it was in the Ifagri instead of in the Persian 
character), writing also concurrently in the jartiabandi slips, which 
had been previously distributed to each cultivator, the “ numbers ” 
of the fields as they were surveyed. 3rd, the patwari’s copy of the 
thisra and th ejamabandi slips were at once made over to the settle¬ 
ment staff, with a manuscript tracing of the village map to allow of 
any disputes being settled. 4th, the computations of field areas were 
then carried out in the survey office, so as to complete the Persian 
copy of the hhusra, which was then made over to the settlement 
staff, who in due course transcribed the areas on the jamabandi slips, 
and thus prepared these for final attestation. The exact procedure is 
explained in a joint memorandum drawn up by Mr. F. W. Porter, 
Settlement Officer, and Major W. Barron, Deputy Superintendent of 
Survey, which is given at page 88 of the appendix to the Surveyor 
Oeneral’s Report for 1882-83. 

After six months’ trial of the system, these two officers submitted 
i eports on its working, showing conclusively that very great 
a [vantages ensued from the joint inter-working of the settlement 
and survey staffs, while the additional duty of khusra-writing did 
l.ot add to the cost of the survey. 

In 1883-84- Basti district came into the field of operations, and 
Major W. Barron, who had conducted the work for several years 
with great zeal and ability, was granted furlough to Europe through 
ill-health, Mr. Gr. H. Cooke, first, and Major S. H. Cowan, next, 
assuming charge. In 1884-85 certain modifications were introduced 




into the Benares system, and the entire preparation of the rough 
record, including the Hindi portion, and all such assessment statistics 
as could he compiled with sufficient accuracy previous to attestation, 
were made over to the Survey Department. The settlement decided 
to retain, however, a staff of settlement munsarims * to check the soil 
demarcations and the records of certain villages as they were being 
written, and to submit special reports on the accuracy of the 
hhmapuri.-\- 

The cadastral survey of the Basti district was completed in 1888, 
having been begun in 1883-84. The total number of villages was 
7,615, the area in square miles was 2,815, and the number of fields 
5,260,420. Regarding the value of the village papers prepared by 
the survey party during previous seasons, the Settlement Officer of 
Basti, in illustration of the satisfactory manner in which the rights 
of the occupancy tenants were safeguarded on this occasion against 
the designs of the zamindars, prepared a table for five parganas, 
viz., Amonha, Hagai- West, Hagar East, Basti West, and Basti East. 
The tabular statement of the total areas for these five parganas 
recorded in the papers of different “ Easli ” years were as follows:— 



F. Tear 1290. 


53,766. 


From the above it will'be seen that the total area was far less in 
the year 1291 (the year before survey) than in previous years, which 
shows that the zamindars had got the palwaris to enter a number of 
occupancy tenants as “ non-occupancy ” tenants, in the hope that they 
would be similarly recorded by the survey. The figures for 1292 
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for assessment purposes comprising the soils, irrigated and dry ; 
the details of soils under cultivation; the tenures of the holdings; 
the culturable and barren areas; the areas under different crops; 
the cultivators, showing the numbers in each caste and the 
areas cultivated by each caste, and all agricultural statistics with 
respect to wells, ploughs, cattle, &c. The duties and responsibilities 
of the survey officers were much increased by these arrangements, 
but there was every prospect of an increase in- the accuracy of the 
records and .eventual economy'. The boundary disputes were very 
numerous during tbe - 'following season (1884-85), no less than 1,800 
of the villages surveyed being affected thereby. These disputes 
appeared to be due to the old defective field maps, which when 
adjacent invariably overlapped each other, so that the same ground 
appeared in both, and much litigation and ill-feeling was thereby 
caused among neighbouring zamindars. 

The total cost of the operations done by the Survey Department 
amounted in 1884-85 to 4 annas 3 pies per acre, a rate which com¬ 
pared very favourably with the old rate for field survey alone. This 
was not- due to larger fields, for the average size of those in Gorakhpur 
was only half an acre, hut it proved what survey officers have always 
urged, that the work would be donouofc only better but more cheaply 
if the Survey Department recorded the rights of proprietors and 
tenants at the time of survey, for it has been conclusively proved 
that correct field boundaries cannot bo obtained otherwise, as the 
people will not attend unless they know that their rights are being 
recorded. The expenditure of the Settlement Department was 
exceptionally high, due to complicated tenures, minute holdings and 
numerous disputes, and this served to raise the cost of the complete 
- operations to Rs 410 per square mile. 

The survey was continued on the same lines in 1885-86, but in 
1886-8f an endeavour was made to employ the district, kamingot* in 
place of the’ survey munsarims; the experiment however failed, as 
the men were found to be too ignorant for the purpose. Here, again, 
in the case of one tahsil ,f the survey operations resulted in the dis¬ 
covery of twioe as many occupancy tenants as had been returned by 
the kanungos four years previously, the fact being that the presence 
of European surveyors encouraged the tenants to assert their rights 
more fearlessly than they could otherwise have done. The survey of 
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the Ooriyas or men of the country to act as amius. The operations 
were in charge of Mr. R. B. Smart, an officer of considerable 
experience. In 1878-79, however, the Bengal Board of Revenue, 
on account of the high cost of the operations, advocated a new 
system, under which a large portion of the work hitherto performed 
by the professional party would be undertaken in future by the 
Settlement Department. A meeting of civil and survey officers 
consequently assembled at Cuttack in February 1879, and after 
consideration a still larger transfer of duties to the Settlement 
Department than at first contemplated was decided upon, it being 
arranged that for the remaining villages of the Khurdah estate 
the professional party should execute a traverse survey of the 
village boundaries and prepare skeleton maps of villages. These 
skeleton maps were to be made over to the Settlement Department 
to enable them to carry out all interior measurements. But any 
hills falling within the villages were to be surveyed by the 
professional party on the 4-inch scale. The chief tract remaining 
for survey in 1879-80—the mah or forest lands of Banpur—was 
known to be at all times unhealthy, and during that season everyone 
who entered the jungles was sooner or later struck down with fever. 
These ma!s had never before been demarcated, and the inhabitants 
of the scattered hamlets bad hitherto cultivated the open patches 
of land without let or hindrance, escaping all taxation. It was not 
surprising, therefore, that they looked upon the survey as an 
innovation, and as far as possible avoided giving help, but thanks 
to the efforts of the Collector all difficulties as to supplies, &c. were 
surmounted. The whole of the Khurdah estate was completed during 
the season of 1879-80, the general maps on the 4-inch scale being 
G5 in number, of which 48 were surveyed by the Department and 
19 by the Settlement Department. 

The 8th or Western Soane Irrigation party was engaged in 
1876-77 on cadastral surveys in the Shahabad district. It was 
supposed that the entire irrigable area of the district would be 
surveyed, but during October 1877 the programme was changed, 
and the area in Shahabad was greatly reduced. Major Sconce was 
in charge of the party as well as of a section left to complete the 
cadastral survey of Patna district, and under his general supervision 
the work in both districts was completed. 

Major S. H. Cowan, who had assisted Major Sconce, was deputed 
during the following season (1878-79) to raise a small party for 
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the surrey of Cachar, and with the nucleus of 'some men from the 
Western Soane party this was done. The operations in Cachar 
had become necessary on account of the pending re-settlement of 
the district, but owing to the old boundaries not having been 
permanently marked they could not be identified on the ground. 
Consequently a settlement establishment had to precede the pro¬ 
fessional survey party, demarcate the m eltal boundaries, and prepare 
maps of the boundaries by aid of the compass and chain for 
comparison with the maps of the cadastral survey. Under these 
circumstances the out-turn was not large, and after a conference 
at Shillong it was decided that in future the professional basis of 
the village boundaries of the cadastral maps should be continued 
through the agency of a small professional detachment under the 
orders of the Settlement Officer. 

In the Midnapur district a 4-inch survey muzawar was 
progressing in 1876-77 under Mr. W. Lane, who retired early in 
tbe season after a useful and lonelily sendee of nearly 40 years, 
and was succeeded by Captain W. II. Wilkins. At the close of the 
season a very small area in the jungle Mehal hills was all that 
remained to complete the district, ami this was assigned to 
Mr. J. Todd for the next year, the rest of tlio party being 
reconstituted for a cadastral survey of the irrigable lands of Cuttack 
in the vicinity of the Mahanadi river. The survey was undertaken 
for the Irrigation Branch of the Public Works Department to 
facilitate the collection of canal water rates, and the entire expense 
was defrayed by that Department. Captain D. 0. Andrew was 
placed in charge till he was invalided by a sun-stroke and succeeded 
by Mr. E. C. Barrett. Operations were much delayed by the fact 
that the demarcation had not been pusliod forward and disputes 
had not been adjusted in advance, but the survey was finished m 
1879, the greater part of the work being on the 32-incli scale. 

In November 1879 a cadastral ] 6-inch survey of the Bassein 
district of British Burma was started under the superintendence 
of Major D. C. Andrew. The country is largely intersected with 
creeks, all communication is necessarily carried on by water, and 
boundary lines had to be very frequently cleared through dense 
jungle. Major Steel, who had charge in the following season, 
reported promisingly of the Burman and Ivareni surveyors, but 
this favourable opinion was not endorsed by Majors Wilkins and 
Hutchinson in the succeeding years, as they found them slower than 
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subject of an important and lengthy correspondence spread over 
several years between the Government of India and the Secretary 
of State. The experiment of a cadastral survey and of the esta¬ 
blishment of village records in the Patna division of Behnr was 
sanctioned by Lord Hartington in 1882,* but pending tho larger 
question of the amendment of the Bengal Bent Law, nothing was 
done to give effect to that sanction. In 1884, Mr. ileynolds, one of 
the members of the Bengal Board of Revenue, submitted a full 
explanatory memorandum (based largely on a note of Mr. Bernard) 
describing the proposed survey and record of rights, and also the 
proposed maintenance of the survey and records by introducing into 
Behar the North-west Provinces system of jiatwmns and laumujos. 
Por this purpose a Patwari Bill was brought into the Bengal 
Legislative Council, and tho survey and record operations wero 
started in the district of Muzaffarpur. But in 188G, Lord Randolph 
Churchill, who was then Secretary of State, in reviewing the whole 
situation, expressed his opinion-)- that the cost of survey and record 
operations m Muzaffarpur should be borne wholly by the Govern¬ 
ment, on the ground that “ as the measure at present is purely 
“ experimental it would not be right to lay any part of the expense 
“ on the people.” At the same time, Lord Randolph in ado a reser¬ 
vation as regarded the cost of the patwaris, which he had no 
objection to see defrayed from local funds if there were found any 
“existing customary source ” capable of being made fairly available 
for the payment of the new class of village accountants. The 
Government of India, however, in their reply plainly objected to this 
new idea of defraying the expense from general revenues, so that 
Lord Kimberley, who had in the meantime taken office, thought 
that there was no choice left but to abandon tho survey, which was 
accordingly done.j; 

The stoppage of the survey gave rise to much general regret. 
It had been desirable, in the first instance, to test the feelings 
of the people in Behar with regard both to mapping the holdings 
and to the concurrent inquiries into occupancy rights, as well as to 
ascertain the probable cost of the operations with the view of 


* Despatch No. 54 (Revenue), elated 17tli August, p. 190 of volume of Selections 
from Despatches for 1882. 

t In his Despatch No. 1 (Legislative), dated 7th January 1880. 

Despatch to Sovcrnment of India (Legislative), No. 21, dated 15th July 1880. 
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atitude, together with a skeleton traverse survey of the forests, 
to serve as a basis for the construction of working plans by forest 
officers. The chief place of importance falling within the season’s 
work was Belgaum, with its cantonment and fort. During the 
ensuing years the work was carried on by two separate sections, but 
in 1887-88 the Bombay Government represented that the skeleton 
boundary maps gave very meagre results compared with their cost, 
so after a conference at Poona between the Secretary to the Govern¬ 
ment of India, the Chief Secretary to the Government of Bombay, 
the Surveyor-General, and officers of the Forest and Survey Depart¬ 
ments, the procedure was altered, and one entire party for forest 
topography was formed out of the forest sections of Nos. 10 and 17 
parties, while the second party was to be employed exclusively on 
general topography.* 

Assam and Silchim .—In Assam a small party under Mr. W. II. 
Patterson had been deputed in 1877 to ascertain the areas of plots of 
land held by the lahldrajdars\ preparatory to adjusting their claims 
and allotting what they were actually entitled to. The work consisting 
of three stages, viz., (1) the professional survey of interior details, (2) 
the adjustment of areas and boundary, and (3) the final demarcation 
and boundary survey, was earned on until 1878-79, but in that year 
the operations, so far as the Indian Survey Department was concerned, 
were "brought to a close, as it was considered that the mere calculation 
of the areas could be effectually done by ordinary amins under the 
Settlement Commissioner. 

On completion of Lieut. Harman’s work in 1877-78 in Northern 
Assam, that officer’s party was transferred to the Darjeeling district 
for the purpose of completing certain miscellaneous surveys required 
hy the Bengal Government, the most prominent of which wore a 
large scale survey of Darjeeling station and a survey of the route 
leading into Tibet from Bhenok to the Jelep-la pass. In October 
1879 Lieutenant Harman started for Northern Sikkim and Mr. Robert 
for Western Sikkim to undertake a geographical survey of that 
State:}, while the remaining surveyors, European and Native, were 
left to complete the field work in the Darjeeling district. The result, 
however, was unfortunate in various respects, for Lieutenant Harman 
was badly frostbitten in his feet, and the surveyors at Darjeeling 
were called upon to perform a variety of pressing duties in the 
* See page 90. 
f Holders of land rent free. 
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L EOGRAPHICAL SURVEYS AND EXPLORATIONS. 


There is no department of the Indian Surreys in which more 
progress has been made during the last fifteen years than in the 
exploration and gradual opening up of the regions adjoining the 
periphery of British India. The admirable plan of training natives 
for surveying wild and unsettled countries, where a British officer 
would have but little chance of escaping molestation, has been 
greatly developed and crowned with the most complete success, while 
the hostilities in which we have unfortunately been involved with 
Afghanistan, Burma, and other powers have nevertheless been 
accompanied with a great development in our topographical, 
'scientific, and general knowledge of these important countries. 
Finally, our political negotiations with Russia over the question of 
the northern frontier of Afghanistan, have resulted in a substantial 
enlargement of our stores of information respecting that region. 
Although a complete account of the Afghan Bouudary Commission, 
and the multifarious inquiries and researches pursued in connexion 
therewith, has yet to be written, nevertheless, a great many 
scattered reports, scientific papers, and other contributions to the 
literature of the day have been published by the officers who took 
part in it. The summary of results given in the following pages 
will show that the information amassed by the British and Native 
members of the Commission probably ranks as the most important 
data ever collected respecting the Indian trans-frontier regions. 

The extension of our geographical knowledge of Afghanistan, 
and the rectification of the hurried surveys which had been made 
during the first Afghan war but had never been properly combined 
together, had long been desiderata of great importance. So long, 
however, as it was considered the safest and best policy to prevent 
any attempt being made to survey beyond the British frontier, in 
order to avoid risk of collision with the independent tribes beyond, 
it was impossible for the survey officers to do more than fix all the 
most prominent points on the hill ranges beyond, which were visible 
from within the frontier, and to fill up the details of the country 
from native information or by the secret agency of native explorers. 













Embassy at, Kabul. An immediate advance was ordered, and 
two survey parties -were organized, one under Major Woodthorpe to 
proceed under General Sir E. Roberts, the other under Captain 
Holdich to join the column under General Bright via Peshawar and 
Jalalabad. Eventually both parties met at Kabul, where they made 
the most of every opportunity of acquiring a geographical know¬ 
ledge of the adjoining country, and in continuation of the preceding 
surveys operated westwards and southwards up to the Pugh- 
man range and over almost all the country which is drained by 
the Logar, Shiniz, and other affluents of the Kabul river. In 
Southern Afghanistan some additional geography was obtained 
between Kandahar and Girishk and along the valleys to the west 
and north-west of Kandahar. A connexion with the operations in 
Idortheru Afghanistan was also made by the survey of the route 
from Kandahar to Ghazni through the Khushk-i-rml, Tarnak, and 
Ghazni valleys. In Baluchistan a rough reconnaissance was made 
of a considerable portion of the country north of Sibi inhabited by 
the Marri tribes, and detailed surveys' were commenced in the 
plains around Sibi and Dadur. 

The party under Major Woodthorpe reached Ali-Khel on the 
4th October, a few days after the force under General Sir F. Roberts 
had advanced on Kabul. It was not till .the end of the month that 
they proceeded on to that city, an interval which enabled Major 
Woodthorpe to connect the triangulation of the Kuram valley with 
that of the Logar and Kabul valleys, s and thus establish the 
continuity of the series from Thull round by way of Kabul to 
Jalalabad. Mr. Ogle, of Major Woodthorpe’s party, was detained 
in the Kuram valley, and accompanied General Tytler’s column into 
the Zaimukht country, west of Kokat, where he secured topography 
to the extent of 880 square miles in country which was very little 
known, after which he joined the rest of the party at Kabul, where 
Captain T. H. Holdich, K.E., as the senior departmental officer, 
had assumed charge of the operations in Northern Afghanistan. 

On the occupation of Kabul and partial investment of Sherpur bv 
Mahomed Jan’s forces in December, the officers of the survey had 
to help in the construction of defensive works, but after the defeat of 
Mahomed Jan Captain Holdich and Major Woodthorpe accompanied 
a brigade to the Koh Daman and mapped a portion of the country 
on the ^-inch scale and established two trigonometrical stations 
there. The former then joined General Bright’s division in the 
Lughman valley, between Kabul and Jellalabad, on the north side of 
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Swat valley near its junction with the Panjkora, and then proceeded 
up the former valley, making excursions up the principal lateral 
glens on the right hank, until he reached Kolam in the Kohistan, 
in which the sources of the river are situated. He then surveyed 
the route leading over the water-shed into the Panjkora valley at 
Lamnti, in order to connect his fresh explorations with the previous 
ones, after which he returned to Kolara and ascended the Swat river 
until he approached the water-parting of the range running east and 
west, and separating the waters of the Gilgit river from the 
streams to the south. He then crossed the Palesar pass into 
the Kaudia valley, one of the tributaries of the Indus, and worked 
down to the latter river, where he joined on to his previous route, 
aud turned southwards, along a route running parallel with the 
Tndus river, but several miles to the west, crossing the whole of the 
lateral valleys on the right bank of that river and acquiring much 
supplementary information to add to his original survey. Finally 
ho crossed over the range to the right and closed his work on to the 
line of his survey up the Swat valley. The journey was encompassed 
with many hardships,and,lying through a country to which Europeans 
have never penetrated, it was one of considerable interest. The 
northernmost point reached was the Palesar pass across the great 
water-shed separating the Yasin and Gilgit countries from Bashkar, 
Darel, and Tang'ir, near to a point where the range turns to the 
southward. It rises abruptly in great scarps from the very banks 
of the Indus at Bunji, in the east, with an average height of from 
16,000 to 19,000 feet as it approaches the Kunar valley. This 
range is a very important geographical feature, for it separates the 
rainless tracts of Gilgit, Hunza, and Yasin to the north from the 
well-watered countries of Bashkar, Swat, &c. to the south. To the 
north the vegetation is limited to a narrow belt of pines, cypresses, 
and birch, while to the south the forests are described as magnificent 
with a profusion of deodar. In another particular this mountain 
range has an importance, for it forms broadly a great boundary line 
between the adherents of the Shiah and Sunni religions. 

The general route-survey work accomplished by the Mullah fits in 
fairly well with the peaks previously fixed by trianmila.tion. and the 
detailed narrative is a genuine story, told with touching simplicity, 
of perils and privations faced and patiently surmounted. 

In 1877 M-S-, a native gentleman of the Muhammadan 

faith, and of much repute among his co-religionists, was about to 
make a journey from Kashmir across the Hindu Kush mountains 
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a tent, on ground buried in snow, at heights from 14,000 to 16,000 
feet above the sea.f His survey of the upper part of the 
Kishenganga valley was completed in the following year (1SS3—4). 
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The withdrawal of the British forces from Afghanistan in 
September 1880 brought all surveying operations to a close in that 
part of the country. But in March 1881 the conduct of the 
Waziris, who inhabit the tracts adjoining the British districts of 
Bauiiu and Dera Ismail Khan, and have proved such unruly neigh¬ 
bours since our annexation of the Punjab, necessitated the despatch 
of a fresh expedition into their country, and this gave opportunity 
for additional survey work. One column under Brigadier-General 
Gordon advanced from Banmi up the Khaisar valley towards the 
Razmak valley along the northern part of 'the country, and returned 
through the "Skikto valley to the plains of Bannn. The other 
column under Brigadier-General Kennedy advanced from Tonk into 
the southern and western Waziri valleys, and then proceeded via 
Kaniguram to the Razmak plateau, and returned via Palosin to 
Tonk. To the first column Major Holdich and Lieutenant the Hon. 
M. G. Talbot were attached as survey officers, and Captain G. W. 
Martin accompanied the second column. These three officers, aided 
by the native surveyor. Imam Baksk, who was taken under tribal 
protection into tracts closed to Europeans, surveyed an area of 
about 1,200 miles in and around Waziristan, and filled up blanks 
for portions of the country which had not been visited during 
Sir Neville Chamberlain’s expedition in 1860, and which had never 
before been seen by Europeans. • The plane-tabling by Lieutenant 
Talbot of the watershed between the Khaisar and the Dawar Dour 
formed a useful continuation of Colonel Woodthorpe’s work in 
Ivkost with Sir F. Roberts’s expedition. The survey officers were 
able to ascend several mountains on the western confines of the 
country, including the peaks of Pirghal and Shuidar 11,000 feet in 
height. Fortunately the atmosphere was generally clear, and points 
were fixed as far as 200 miles distant, "which in spite of the hurried 
character of the movements of the troops combined to give good 
results. A valuable reconnaissance of the Zkob valley and the upper 
branches of the Gumal valley towards the Ab-i-istadeh lake was 
also made by a native explorer. His map covered an area of 
7,140 square miles, and though a good deal of this was rough and 
only sketched in by the eye, it supplied some important corrections 
to tho previous geographical knowledge of the country. Some 
interesting notes on the tribes and the roads were compiled from 
the explorer’s information by Lieutenant Talbot-.* 

• St Appendix to Surveyor-General’s Report for 1880-81, p. 36. 
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EXPLORATIONS. 


esteem and from whence they derive their designation of “ Milin-wal.” 
In 1812, when Milam was m Nepalese territory, Messrs. Moorcroft 
and Hearsey were travelling in Western Tibet disguised as fakirs, and 
under the assumed names of Mayapuri and Hargiri. They visited 
Hundes and Gartok, but on their return journey were taken 
prisoners and detained at Daba Jong, some 80 miles JST.W. of the 
Mansarowar lake. Deb Singh and Ber Singh (father and uncle 
of Kishen Singh) hastened to proffer their good offices, a kindness 
which Moorcroft and Hearsey acknowledged in the following 



Data, in Cliineso Tartar)-. 25th August 1812. i „ II. J. Hearsey. 

A second testimonial signed hy Mr. Moorcroft alone, bearing the 
same date, recommends that the Honourable Company’s officers will 
afford all due facilities to Deb Singh and Ber Singh in enabling them 
to dispose of their merchandise on the British side of the frontier. 
The release of Messrs. Moorcroft and Hearsey was even tually effected 
hy the interposition and on the security of Deb Singh and Ber 
Singh, but the certificate from Moorcroft giving the particulars of 
the incident has unfortunately been lost. The other certificates are 
still in the possession of Kishen Singh. 

Kishen Singh had made several successful explorations before 
undertaking his fourth journey, viz :— 

(1.) 1869.—Prom Milam in Kumaun to Rakas Tal lake in Great 
Tibet and thence southward along the Karnali river to 
Kathai Ghat in British territory, 400 miles. 

(2.) 1871-2.—From Shigatze to the Tengri Nur and thence to 
Lhasa, 300 miles.* 

(3.) 1873-4.—From Tankse in Ladak to Kashgar and beyond, 
thence south-east to Poln and south to Noh in the Pangong 
and back to Tankse, 1,250 miles.f 
On the occasion of his fourth and greatest journey Kishen Singh 
wasjwoompanied by a Bodh fellow-villager called Chambel, who, 
* Report of Great Trigonometrical Survey for 1873-74, Appendix^ 
























in the Tarim basin, through the uninhabited tract of Tibet lying 
between the Pangong Lake and Polu. He then travelled to Khotan 
and traversed a large portion of the great desert, first following the 
Hhotan river to Shah Yar, and then the course of the Tarim river 
to Lake Lob. Prom thence he travelled southwards, ascending the 
various huge ranges of mountains which here buttress the northern 
face of the Tibetan highlands, till he reached a lonely point oalled 
Mugzisolma, near the upper waters of the Yangtze-kiang, and south 
of the Angirtakshia pass over the Kuen Lun range. He then turned 
northwards through the Haiohi valley, where good grazing and 
plenty of firewood and water were obtained, and having abandoned 
the intention of proceeding further south in the direction of Lhasa 
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exploration, and in November 1879 lie started with two companions, 
and soon after arrived at Bhamo. Thence the party ascended the 
river in boats to Ka-cho, once an important city, in latitude 25° 20', 
at an elevation of about 1,000 feet above the sea. At the village of 
Maigna, about 16 miles north of Ka-cho, the Burmese frontier was 
reached. The country beyond is inhabited by Kachins, among 
whom no Shans reside, and the people pay no tribute to Burma. 
Two days afterwards the junctiou of the eastern and western 
branches of the Irawadi river were sighted, the latter (called the 
Maleeka) being considerably swollen and 500 paces wide, while the 
eastern branch (called Mehka) was low and flowing amid rapids and 
large rocks, with a width of about 100 yards. The people of the 
country stated that the great increase in the waters of the western 
branch was due to the melting of the snow at its sources, and there 
can be little doubt that it is the larger, and rises in higher ranges. 
The natives also stated that the eastern branch has two principal 
affluents, one from the east, and believed to have its source in the 
Naungsa lake, and the other from the north, said to rise in the hills 
50 or 60 miles beyond Mo-goung-poon. The sources of the western 
branch are stated to be in the Kantee country, at a distance of 
about 23 days’ journey from Ka-cho. Thus it is highly probable 
that this is the branch of the river reached by "Wilcox in his journey 
from Assam in 1827, which is described in Vol. XVII. of the 
Researches of the Asiatic Society of Bengal (Calcutta, 1832). The 
explorer’s “ Kantee ” is obviously identical with Wilcox’s “ Khanti.”* 
The trustworthiness of the explorer’s investigations is proved by 
a comparison of the three maps, viz.:—Lieutenant Wilcox’s, of 
1828; Father Desgodins’ map of the eastern frontier of Tibet, pre¬ 
sented to the Asiatic Society of Bengal; and the explorer’s own. 
Those are skilfully juxtaposed by the Surveyor-General of India in 
his Report for 1879-80, and the general agreement is substantial 
and striking. It is quite conclusive against the old theory of the 
identity of the Sanpo and Irawadi. 


■ Major Sandeinan read 
Society on the 27 th Februn 
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Many of them are grandly picturesque; below Paoghan the Astarab 
river flows in a narrow gorge often not more than 30 yards wide, 
and enclosed by vertical walls of limestone, some 1,500 feet in sheer 
height above the river bed. Most of the rivers flow from south 
to north, and hence form transverse valleys through the ranges 
of Turkistan. They have eroded gorges where they cross anti- 
clinals and formed wider valleys with side streams when on a 
synclinal. 

In the summer of 18S5 the .necessity of finding some fixed 
geographical point on tho Oxus near that end of the boundary 
became apparent. The liuhsan base had been connected with 
Mashhad by direct triaugulation, and the longitude value of 
Mashhad (determined telegraphically with Tehran) was thus 
brought down to Kuhsan, while the triangulation itself formed an 
excellent basis for the commencement of boundary demarcation 
from any point on the Hari-Rud adjoining the Russian frontier. 
But it was then known that the boundary would run in a north¬ 
easterly direction through the chol, a country particularly un¬ 
favourable for connected triangulation. Without some reliable 
check the accuracy of the boundary survey would have been 
unavoidably open to question. Captain Talbot was therefore deputed 
to undertake the difficult and dangerous duty of carrying out a 
series eastward along the Hari-Rud valley, from which series it was 
hoped that points might be fixed to the southward for the basis 
of surveys between the Hari-Rud and Zamindawar. He was to 
push his triangulation eastwards if possible to a junction with 
points already trigonometrically fixed from India on the Hindu 
Kush and Koh-i-Baba mountains, within sight of Kabul. He was 
then to carry it across the great central mountain chain to Barman, 
extend northward through Haibak and Ghori to Mazar-i-Sharif and 
Balkh, and finally carry on westwards till he sighted Kilif on the 
Oxus and the mountain peaks of Bokhara. Pari passu with his 
triaugulation he was to carry out a plane-table reconnaissance 
embracing all the country he could see, for there was no topographer 
available for the duty. All this work was successfully accom¬ 
plished, though not all at once. After pushing forward his 
triangulation past Herat to Daulatyar with fair success, Major 
Talbot was hurriedly recalled in August 1885 to help in making 
arrangements for the defence of Herat. It was not till late in 
September that the political situation enabled him to retrace his 
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winter storms darken the atmosphere in the course of a few minutes 
and freeze the life-blood of men exposed to them ; in summer the 
heat is almost more intolerable, and it is impossible to cross these 
regions without special precautions. Two very distinctly marked 
and isolated natural hills called Kara Tapa Khurd and Kara Tapa 
Kalan formed two trigonometrical stations of great importance 
owing to the unvarying features of the surrounding country. 

The Ox ns at Khamiab is a majestic river, comparable to the Indus 
below Dera Ismail Khan or the Brahmaputra in Assam. The 
neighbouring settlements of the Ersaris offer a most marked contrast 
with the usual Turkoman villages; the houses are well built and 
well kept, the roads are well defined, the irrigation channels kept 
clear and clean, substantial bridges cross the canals, and the whole 
atmosphere of the Khwaja Salor district is one of prosperity. The 
Oxus continually carries away portions of its banks, and the positions 
of its ferries and roads have materially shifted from time to time, 
the principal ferry now being at Kilif, where the river narrows to 
about 400 yards. A similar crossing is at Termez, some 30 miles 
above Kilif, running between hard rocky banks, which wiE protect 
its channel from further alteration through future ages. Through 
the Ersari country wells were certainly more plentiful, and the 
existence of old irrigation channels for 11 miles beyond Kilif points 
to a time when this part of Afghan Turkistan must have been as 
well populated as the great Balkh plain. The devastation effected 
by that destroying angel of Central Asia, Chingiz Khan, who razed 
Kishapur, Merv, Balkh, and Herat (once a large city of four times 
its present size), doubtless changed the fair face of the country into 
a wilderness in his time, and the modern raids of the Kara Turko¬ 
mans, combined with the tendency of the Uzbeg people to emigrate 
in order to avoid a tyrannous ride, have kept much of the land 
unproductive. As a rule the Oxus flows through many channels 
which shift and alter just as they do in other large rivers not 
confined to a single bed by hard rocky banks. 

The ferry at Kilif has been often described, and is storked (as it 
was 50 years ago) by a system of attaching horses to large clumsily 
built boats and swimming them across stream. The Shor Tapa district, 
which extends from Kilif for 36 miles to Ohobash, is described by 
Captain Peacocke as consisting of six smaller districts, each of 
which has its own canal from the river lined on both banks with 
the usual orchards, houses, enclosures, and mulberry plantations, 
and is occupied by some 6,000 families of Ersari Turkomans. At- 
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ports, include all that produce any sensible effect, and he has been 
most successful in finding numbers for the wheels in the gear-work 
which represent relatively the periods of each of the constituent 
tides. The machine can be run for a period representing a whole 
year, practically without error. Thus, for the chief tidal con¬ 
stituent, if the hand represented mean lunar time at starting, its 
error relatively in time at the end of a run of 365 days would not 
amount to a quarter of a minute. 

The saving effected by the machine can be imagined when it is 
stated that the curves for a whole year can be run off in about two 
hours, and then only require to be read off, whilst the calculations 
of, say, the heights for any one port for a year, combining the 20 
constituents included in the machine, would take a practised 
computer some four to five months’ labour. The machino is used 
now in the predictions of over 30 Indian ports, and Mr. Roberts 
(who has charge of the instrument' and superintends all its opera¬ 
tions) also uses it for the predictions of the tides at Singapore and 
Hong Kong, and expects shortly to include in its predictions the 
tides of other Bast Indian ports, and also those of South Africa 
and Canada. 

It may be stated that on the whole the predictions are very accurate 
and give very general satisfaction. 

Simultaneously with the tidal observations, spirit-levelling opera¬ 
tions were carried on, partly with a view to connect the tidal 
stations and ascertain whether there is any appreciable difference 
in the mean sea-level at the several places, and partly to connect 
together and reduce to a common datum, the hitherto isolated 
system of levels which have been executed throughout the country 
• for canals, railways, and other engineering works. During 1877-78 
lines were carried from Damaun to Bombay, completing the line 
wanted to connect the three tidal stations on the Gulf of Dutch 
with the one at Bombay: from Bombay to Callian Junction of the 
Great Indian Peninsula Railway, and thence up the Shore Ghat to • 
Poona, and down to Satara; from Callian to the Thai Ghat, and 
thence up the Ghat to Igutpuri, Malegaon, and finally to Chika.1- 
wohol. In addition to these main lines, short branch lines were 
carried to connect local bench marks of importance, the aggregate 
length of line completed amounting to 589 miles, fixing 536 bench 
































1885-86, the instruments at the latter station leave provided at the 
cost of the Durbar. Diamond harbour, Amherst, and Moulinein were 
discontinued on completion of the usual period of registration, which 
in the case of Moulmein was extended to six years owing to certain 
peculiarities in the tides of that port. 

An important improvement was introduced into the tide tallies for 
1887, by the employment of a scientific datum, which rendered it 
possible to fix finally the datum for each ot the observatories 
Previously to that the datum line of soundings adopted bv the 
Admiralty was the “ mean low water for ordinary spring tides,' lint 
as the term was not scientifically accurate with reference to tidal 
theory, a new datum line, called « The Indian spring low-water 
“ mark,” was definitely adopted after discussion with Professor 
Darwin and Captain Wharton. ll.M, the Hydrographer, and a table 
was prepared to show the datum finally decided upon.- 

In 1886 the Amherst observatory was closed and the instruments 
sent to Akyab, where a new station was erected, and on the night of 
the 29th September in the same year the tidal observatory at Dublat, 
near the mouth of the Hugli, was swept away with all its contents 
by a heavy wind and sea, and none of the instruments or records could 
be recovered. Fortunately the clerk was absent and no loss of life 

The diagrams of the self-registering tide gauges at False Point and 
Dublat (Saugor island), and at Diamond harbour and ICidderpore on 
the Hugli, for the 11th March and 9th April 1885 show unmis¬ 
takably that considerable tidal disturbances took place on those dates 
at the stations named. From a consideration of the facts, which are 
reviewed by Major Baird in a special memorandum,j- it would appear 
that a submarine depression caused the disturbance of the ,11th 
March, and that this was followed about a month later (9tli April) by a 
submarine upheaval which caused a very considerable wave to pass up 
the Hugli. There are indications that the latter may have occurred 
at the Sand Heads, opposite Balasore. 

The stations at Negapatam and Elephant Point were closed m 18S8, 
and two fresh ones at Tuticorin and Prince's Dock, Bombay, were 
started. In 1889 the observatories at Colombo and Galle having 

*Tho .latum is defined as tie sum of the semi-ranges of the principal lunar (II,) 
ami principal solar (S,) semi-diurnal tides, and of the uni-solar (K,) ami the lunar 

A 0 - [H of Ms + H of S, + H of K, + II of 0,] above the zero of the gauge. 

| See page 1 v ot Appendix to Italian .Surrey Report for 1S8G-S7. 

































During the early part of this season (1886-87) Lieutenant Burrard 
continued the latitude observations with the zenith section near the 
meridian of 80°, observing at five stations and so extending the are 
to about latitude 20 = 17. The longitude operations mere resumed 
in Southern India, and the following arcs were measured :— 

1. Madras—Bangalore. 

2. Bangalore—Nagarkoil (near Cape Comorin). 

3. Madras—Nagarkoil. 

4. Nagarkoil—Mangalore. 

5. Madras—Mangalore, 

6. Bellary—Mangalore. 

7. Mangalore—Bombay. 

Nos. 1 and 5 were revisions of the work executed in 1872-73 and 
rejected (as mentioned above) owing to a fault in the telescopes, and 
No. 7 the arc which was left incomplete in 1870-77. 

Three of the old arcs in Southern India were revised in addition 
to four new ones being measured. The season’s measurements tended 
to confirm a curious geodetic fact that the plumb-line round the 
coasts of India deviates in the direction of the sea. They were also 
satisfactory in showing a diminution in the circuit errors which was 
probably as small as can be expected, while the value obtained for 
arc No. 7 differed only by 0'023 of a second from the value of the 
same arc as measured in 1876-77. 

Operations were resumed in 1889-90 in the Punjab, Baluchistan, 
and Central India. Seven ares were measured, including the 
revision of one formerly measured in Baluchistan, and the measure¬ 
ment of a cross-arc, Agra-Karachi. 






In the year 1879 Mr. Gushing brought out a new form of levelling 
instrument which he called a “ reversible ” level. The objects were 
to facilitate the adjustments, make the instrument more compact 
and rigid, and render the surveyor independent of the aid of an 
instrument-maker should anything go wrong when in the field. 
Several hundreds are in use at the present time in India. 

The tide-predictor, constructed for the Indian Government bv 
Messrs. Lege and Co., is located in the observatory at Lambeth, 
and with its aid tide-tables for upwards of 20 ports are annually 
printed and forwarded to India towards the end of the year pre¬ 
ceding the one for which the} 1 are prepared. The tides for several 
ports are also predicted for the Colonial Office. This work is very 
ably done by Mr. E. Roberts of the Nautical Almanac Office.'* 

During the year 1889 three new standard yard measures were 
constructed in England by Messrs. Tronghton and Simms as 
primary standards of length for the Governments of Bengal. Bombay, 
and Madras, and wer e verified by the Standards Department of the 
Board of Trade. It may be interesting to know that these important 
standards do not absolutely agree in length, hut they are probably 
as near as human skill can make them. Tlie standard temperature 
of India having been fixed at 85° Fahrenheit, the certificates of 
verification, which were forwarded to the respective Governments 
with the standards, show their respective lengths at that temperature, 
which are as follows :— 

Bombay - 36-00023406 inches. 

Calcutta - 36-00039041 „ 

Madras - 36-00007206 „ 

And the co-efficient of expansion in each case is the 0-0003744 of 
an inch. 

The mints of Calcutta and Bombay were each supplied in 1889 
with new sets of standard tola weights, all of which were verified 
by the Standards Department of the Board of Trade, and the 
tables of errors were supplied to the respective mints with, the 
weights in question. 

The Calcutta mint also received a large balance, constructed by 
Napier, for weighing silver. It was a splendid piece of mechanism, 
made to carry upwards of 3S0 lbs. avoirdupois in each pan and to 
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SCIENTIFIC INSTRUMENTS. 


barometers by a standard, in lieu of sending- them to the 
Meteorological Department. 

Ill 1838 the Mathematical Instrument Department was iocated in 
its present handsome building-,* which had been commenced the 
year previously. The trausfer from the old house (one of the 
oldest in Calcutta) was not too soon, for some of the beams showed 
unmistakeable signs of collapse, and the steam engine had to bo 
stopped for fear of disaster. It was found that the large majority 
of the beams had been gutted by white ants, and it was fortunate 
that the house did not fall to ruins before it was vacated. The new 
building has fairly ample accommodation for workmen, stores, &c., 
there is an observatory on the l-oof in which a transit instrument 
has been set up for rating chronometers, and a new steam engine 
and shafting have been erected. 

During the last 3 2 years there has been a great increase in the 
work of the Department, necessitated by fresh annexations of 
territory in Burma and Baluchistan, the development of railways, 
roads and public works, and a general increase in the scientific 
requirements of the administration. The number of instruments 
issued in the year 1887-88 was 57,293, valued at Rs. 2,25,599, while 
out of the total stock 7,387, valued at Rs. 1,16,246, were procured 
from England, 31,846, valued at Rs. 35,252, were purchased in the 
local market, and 17,960, valued at Rs. 33,320, were manufactured 
in the Mathematical Instrument workshop. The last number shows 
a large increase, nearly 100 per cent, over the figures of the px-evious 
year, and the value has risen by nearly R,s. 10,000. 
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XI. 

HEADQUARTERS OF SURVEY DEPARTMENT. 


The Headquarters Offices of the Department of the Surveyor- 
General comprise six different- offices, five in Calcutta, and one in 
Dehra Dun, whence the operations are directed, and where the 
results of the field surveys are worked up into final shape for general 
administrative use. These offices consist of— 

(1.) The Surveyor-General’s Office (including also the drawing, 
engraving, and map issue branches). 

(2.) The Lithographic Office. 

(3.) The Photographic Office. 

(4.) The Mathematical Instrument Office. 

(5.) The Revenue Survey Office. 

(All at Calcutta.) 

(6.) The Trigonometrical Survey Office at Dehra Dun. 

In 1877 the Calcutta branches were still in different buildings 
some distance apart one from another, and a good deal of incon- 

















RS OF SURVEY DEPARTMENT. 


226 HEADQUARTER 

During 1885-86 a great deal of drawing and compiling work was 
done for the Indian and Colonial Exhibition in London. A map 
was prepared showing the import and export trade of India with 
other countries, and a series of maps showing at a glance the 
percentage of various crops grown m different districts of India, 
with other maps showing density of population, religions, emigra¬ 
tion, external trade, land settlement and revenue, and geology of 
India was also completed. 

In the Lithographic Office a series of maps were prepared for Sir 
E. Buck’s Statistical Atlas of India, and the map of the Nizam’s 
dominions in two sheets on the 16-mile scale referred to above was 
printed off. 

The following year (1886-87) was marked by a great demand for 
maps of Afghanistan and Baluchistan, consequent on the events 
on the Afghan frontier. Compilations from rough military recon¬ 
naissances m Burma had also to be undertaken. The Engraving- 
Office lost the services of Mr. C. W. Coard, the superintendent, who 
had been selected, together with a small staff of engravers, in 1868 
by Colonel Thuillier, then Surveyor-General, to take up the 
engraving of the Indian Atlas sheets. Mr. Coard had done excellent 
work during his tenure of office, and had left the engraving- 
branch in a high state of efficiency. He was succeeded by 
Mr. G. G. Palmer. 

The work done in the heliogravure and collotype sections was 
more satisfactory in quantity and quality than previously, both 
processes having quite emerged from the experimental stage into 
practical methods. A commencement was made in reproducing 
archteological drawings for the use of art schools and also for the 
illustration of the Journal of Indian Art. 

During 1887-88 greater strain was put on the geographical 
drawing and compiling branch in consequence of the necessity 
of preparing general maps of Burma and sheets of the N.W. 
frontier, and it was with difficulty that sufficient material could be 
got ready to keep the engravers employed. To remedy this it 
was arranged that all the N.W. frontier mapping, except 
Baluchistan, should be undertaken at the Trigonometrical Branch 
Office at Dehra Dun, leaving the Burma maps to be dealt with in 
the Calcutta Office. 

One of the principal features of the period under review has been 
the introduction of the heliogravure processes for the direct repro¬ 
duction of delicate drawings in line or of half-tone subjects of all 


















operations. Vol. I. of the general account of the operations of the 
Great Trigonometrical Survey was completed in 1870. In 1S7S and 
1879 Volumes II., III., and IV. were produced, giving a general 
account of the triangulation and its reduction, with full details of 
the North-West Quadrilateral; also Vol. V., giving an account of 
the Pendulum Operations; this was followed in 1S80 by Vol. VI. 
for the South-East Quadrilateral, in 18S2 by Volumes VII. and VIII. 
for the North-East Quadrilateral, in 1883 and 1887 by Volumes IX. 
and X. on the Electro-telegraphic longitude operations executed 
during 1875-77 and 1880-84, and in 1890 by Vol. XL on the 
Astronomical Observations for Latitude made during the period 
1805 to 1885, and Vols. XII. and XIII. on the Southern Trigon. 
Of the synoptical volumes—which give a precis of the results, both 
principal and secondary, for topographical and geographical require¬ 
ments—twenty-three have been published in’ all. 

In the volume on the Pendulum Operations it is shown that the 
steps which had been taken to connect the Kew Observatory, 
the base-station of the Indian operations, with the Greenwich 
Observatory, which was an important station of the European 
operations, had not sufficed to effect the desired connexion. The 
absolute length of a seconds’ pendulum of the Kater pattern, which 
had been determined at Greenwich by General Sabine in 1831,' was 
determined with the same pendulum at Kew by Major Heaviside 
in 1873, in the expectation that this would suffice for the connexion 
of the operations at the two observatories; but the result gave 
three more vibrations in 24 hours at Kew than at Greenwich, which 
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GEOLOGICAL SURVEY OF INDIA. 


From a" geological point of view, India is most conveniently 
regarded as presenting a threefold aspect, and this is the general 
division of the country adopted in the “ Manual of the Geology of. 
India,” it., into the peninsular area, the extra-peninsular area, and 
the great Indo-Gangetic alluvial plain separating the two. 

When we proceed to distinguish the various formations, we find 
that the geology of the country south of the Himalayas presents a 
comparatively simple aspect, in that all the rocks are easily- 
separated into the following great groups, viz.:— 

6. Alluvial plains. 

5. Sedimentary rocks, of jurassic, cretaceous, and tertiary ages. 

4. The Deccan basalt, of cretaceous and lower tertiary age. 

3. The Gondwana system, comprising the Indian coal measures, 
and ranging inclusively from the age of the English coal- 
measures to that of the Portland and Purbeek beds. 

2. The Vindhyan system, a formation peculiar to India, the age 
of which cannot be guessed, as it has yielded no fossils, 
but which is immensely older than the Gondwanas. 

1. The archaean or metamorphic rocks, such as gneiss and 
crystalline schists with the granite often occurring in them, 
and with some slaty rooks that have partially escaped the 
general metamorphism.* 

Long before the establishm ent of an organised geological survey, 
a series of travellers had from time to time recorded observations 
of a practical or scientific character on the rocks and minerals of 
India. Foremost among these observers were Dr. Falconer and Sir 
Proby Caut-ley, to whom the discovery of the wonderful fossil fauna 


* A detailed consideration o£ these formations does not come into the province of 
this book. It may be mentioned, however, that an excellent apd picturesque general 
account of the Geology of India, from the pen of Mr. Medlicott, F.E.S., late Director 
of the Survey, is to be found in Sir Edward Buck’s Statistical Allas of India, while 

tiiose who de.-iro to pursue their investigations still further should consult the Manual 

of the Geology of Lidia, in 4 vola. with map, Calcutta and London (Triibner). 











Early in 1876 Mr. Blanford made an important trip acros 
desert east of the Indus, through Umarkot and Balmir to Jodi 
and hack through Jaisalmer to Rohri. Interesting information 
thus gained regarding a great area of 'Western Rajputana, 
viously almost unknown, and of the region traversed by the A 
mountains, a tract believed to be formed entirely of gneissic 
transition rocks, the remains of an exceedingly ancient morn 
system or area of special disturbance. The mam difficulty 


The survey sustained an irreparable loss during 1876 in the 
■ retirement of Dr. Thomas Oldham, E.R.S., the able and eminent 
superintendent, whose services will be found briefly recorded in the 
Memoir on the Indian Surveys. He was succeeded by Mr. H. B. 
Medlicott. Mr. Tween, the chemist to the survey, also retired, 


A first-class medal was awarded for the exhibits of the Geological 
Survey of India at the Oongres International des Sciences 
Geographiques, held at Paris in 1875. 

During 1877 two comparatively new regions were explored by 
Mr. Lydekker and Dr. Ball, respectively, one being the mountains 
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hilly country, entirely occupied by primitive tribes and petty 
tributary states. It proved (as indeed had been conjectured) to 
be occupied by Yindhyan and gneissic rocks. On the coast side 
there is a broad mountainous belt of crystalline rocks, with peaks 
exceeding, in some cases, 5,000 feet in elevation. West of this is 
an extensive upland also largely formed of gneissic rocks, upon 
which stand two or more scarped plateaux of flatly bedded sand¬ 
stone, the principal being that of Nowagarh-Kharial. Further west 
there is the wide expanse of lower ground formed of the shales, 
limestone, and sandstones occupying the plains of Chattisgarii and 
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of Sind which lies west of the Indus, and especially the hilly 
portions of the Karachi and Shikarpur colleetorates, together with 
the curious isolated ranges of limestone hills to the east of the 
Indus in Northern Sind near Rohri, and in Southern Sind near 
Haidarabad. The examination of the geology of the province was 
a special desideratum as the peninsula of India has had a very 
different geological history from other parts of the country, the 
former having probably been land ever since palaeozoic times at 
least, while the extra-peninsular regions have frequently been 
covered by sea. Fuller series of marine tertiary beds were known 
to exist m fcjmd than elsewhere m India, and other advantages lay 
in the absence of forest which so greatly impedes surveying, and 
in the circumstance that large collections of fossils from this 
region have been carefully examined and described by European 
paleontologists. Sind is also nearer to Europe than most parts 
of India, and the rocks form the eastern prolongation of a tract 
of tertiary beds believed to be continuous with the well-known 
formations on the shores of the Mediterranean. The Khirtliar 
group, named from the great frontier range of hills, comprises 
by far the most conspicuous rock, the massive nummulitio limestone, 
of which formation all the higher ranges in Sind consist. The 
sections exposed in the Khirthar range are superb, and afford the 
best epitome of tertiary geology hitherto observed in India. Above 
is found the Nari group, occupying a belt of varying width from 
one to 'ten miles in breadth throughout the eastern flank of the 
Khirthar range; the lower beds of this group are mostly yellow 
or brown limestone, while the upper series assume the form of 
coarse, massive, thick-bedded sandstones, attaining in some places 
a thickness over 4,000 feet. Upon the Nari group, almost through¬ 
out Sind, is found resting a mass of highly fossiliferous limestones 
and calcareous beds (the Gaj group), easily distinguished from the 
limestones of the older tertiary formations by the absence of 
nummulites, while the highest sub-division of the Sind tertiary 
series, the Manchhar group, represents m all probability the well- 
known Siwalilcs of Northern India, consisting of clays, sandstones, 
and conglomerates, and attaining in places a thickness of about 
10,000 feet. Westward of the British frontier the Manchhar beds 
die away, and are succeeded by high hills of hard greyish-white 
marls or clays, conspicuous at Has Malan, Ormara, Pasni, Gwadar, 
near Jashk, at the entrance to the Persian Gulf, and on the Persian 
shores of the gulf itself. The headlands of Ras Malan, Ormara, 
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Haidarabad in tlie Deccan to the western coast between Batnagiri 
and Goa. Of the several rock series found there the gneissic is the 
mostly widely developed, and occurs chiefly in the eastern, southern, 
and south-western parts of the area, while the Deccan trap covers 
very nearly as large an extent of ground in the-western and northern 
parts. The iron clay or lateritic beds cover a much smaller area, 
hut claim notice on account of their remarkable features. They 
cap all the highest ridges and peaks in the Kolhapur and Belgaum 
mountains, rendering them perfectly table-topped, and in consequence 
favourite sites for old Maratha strongholds and forts. 

In continuation of Mr. Ball’s survey of the Aurunga and Hutar coal 
fields (see “Memoirs,” XV., Parts I. and II.),Mr. Gricsbach, during 
1879, mapped and described some 900 square miles of Gondwana 
rocks in Ramkola between Takapani and the Her river. The ground 
is the easternmost prolongation of the great central area of South 
Rewa or the Son, extending westwards to near Katni on the 
Jabalpur railway and south-eastwards into the Mahanadi basin to 
near Sambalour. In Kathiawar, on the southern confines of the 
Arvali metamorphic region, Mr. Redden completed the survey of 
some 1,900 square miles in continuation to the south of his previous 
season’s work, besides making some preliminary traverses of 
adjoining ground. Nearly the whole area is occupied by the great 
eruptive formation. It is mostly stratified, having a slight inclina¬ 
tion to the south, but huge dykes traverse it in various directions, 
forming prominent ridges across the low undulating country. The 
isolated central hill forming the sacred peak of Girnar is a mass of 
thoroughly crystalline rock, which seems to be the core of a volcanic 
focus. Owing to the scattered position of the outcrops in a wide¬ 
spread waste of sand, Mr. Hacket was enabled to add a very large 
area (more than 10,000 square miles) to his previous study of the 
Arvali region, extending to the south-west as far as Erinpura. The 
Vindhyan strata were found to cover a large area to the north and 
east of Jodhpur; they everywhere rest flatly upon the old rocks, 
the gneiss, schists, felsites, or Alwar quartzites. 

• With the aid of the new maps of Kumaun, Mr. Theobald explored 
the belt of tertiary rocks at the base of the mountains between the 
Ganges and the Kali, in continuation of the work clone several years 
previously to the west of the Ganges. 

Mr. Wynne, besides making a reconnaissance of the ground far to 
the north between Kohat and Thai on the Kuram, accomplished the 





















“ distinctly visible along the banks of the river and in the hills 
“ beyond. The ground was seen to roll wave-like, the hills to reel, 
“ and the trees to wave to and fro. The spectacle was wonderful 
“ and fearful.” The extreme limits of the area over which the same 
shock or group of shocks was experienced must have exceeded 650 
miles from north-west to south-east, and 400 miles in the conjugate 
direction of north-east to south-west. Allowing for those districts 
from which no reports happened to be received, the area affected 
must have been fully a quarter of a million of square miles, a 
tolerable index to the vastness of the forces developed. 

Mr. Oldham is of opinion that the shock originated in a fissure 
above 20 miles long, running underneath an area about three or four 
miles broad and from 20 to 30 miles long, situated in north latitude 
26° and east longitude 92° 40', on the northern borders of the 
Jamtia hills. The mean depth of the foous was probably about 
30 miles, and the velocity of the wave particle 20 or 30 feet per 
second. The rate of transit could not be satisfactorily determined.* 

The second part of Vol. XIX. of the “ Memoirs ” issued during the 
same year (1882) contained a list of the thermal springs of India, 
compiled by the late Dr. T. Oldham, and brought out by his son. 
The geographical position, latitude and longitude, elevation of the 
locality above sea-level, and the temperature of the water of the 
spring are all given. -The list is.far completer than the last one 

* A catalogue of Indian earthquakes, from 833 A.D. up to 1869, was prepared by 
Dr. Oldham ami published in the “ Memoirs,” Vol. XIX, 





much, regretted by his colleagues and the Government. 

Since Mr. Blanford’s return to England, he has undertaken the 
editing of the “ Fauna of British India.,” at the request of the 
Secretary of State, 5± volumes of which have already appeared. 
It is designed to form a complete series of manuals of Indian 
zoology for schools and for students, and will be the standard work 
on the subject. 

* Journal of the Asiatic Society of Bengal, \ 


XXXIII., p. 
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generally tlie product of decomposition in situ of underlying 
ferruginous rocks. A very curious feature connected with this red 
loamy soil is the enormous number of white-ants’ nests, which are 
of a bright red colour, attain a height of five to eight feet, and are 
often so numerous as to affect very strikingly the character of the 
foreground. There is no part of the south of India in which blown 
sands play so large and important a part as in the Tinnevelly 
district and along the south coast of Madura. They are of two 
kinds—the red sand or tm-is and the white, which are ordinary sand 
dunes. The former are attributed by Mr. Foote to the action of 
the heavy and continuous gales prevalent (sometimes for four 
months) during the S.W. monsoon on the broad belt of deep red 
loam which skirts the eastern base of the Ghats. It is evident that 
these sands hear a great resemblance, though on a smaller scale, to 
the red sands of the Nefud or great desert of Central Arabia 
described by Mr. Palgrave, Lady Anne Blunt, M. Huber, and other 
Arabian travellers. But the origin of the red sands of the Xefud is 
still involved in uncertainty. 

Mr. Mallet’s investigation of the iron ores in the Katni district, 
in north Jabalpur,* shewed that all the other conditions for extensive 
iron manufacture were favourable if suitable coal could be found. 
Mr. Fedden, by prolonging the season’s work well into the hot 
weather, was enabled to complete his survey of Kathiawar. 
The area is principally occupied by Deccan trap, of which it was 
not desirable to attempt a detailed survey throughout, so the work 
lay principally in tertiary or post-tertiary deposits of the coastal 
region, with some secondary rocks on the north-east margin. 

Five parts of the “ Memoirs ” were published during the year. 
Part 3 of Yolume XIX. contained the catalogue of Indian earthquakes 
mentioned above (page 258, note), and Part 4 Mr. Oldham’s account 
of his examination of an area of about 1,800 square miles to the east 
and in the north of the valley of Manipur, with the neighbouring Xaga 
hills. This country is densely covered with vegetation, and for whole 
days one may march without seeing a single rock, while the want 
of population or else savages of doubtful temperament offered great 
impediments to Mr. Oldham’s researches. Geologically, the region 
has no great feature of interest, and the economic minerals are 


“Records,” Vol. XV.,: 
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depth of 16 feet, but nothing to show that the caves had ever been 
used as dwellings or as a place of sepulture. Mr. Foote was also 
called upon to explore for coal along aD intended lino of railway 
between Haidarabad and the Kistna. Between Bezvada and the 
Singareni coal field, and from the latter to Haidarabad, the country' 
proved- to be all of gneissic rocks, but Mr. Foote’s labours were 
rewarded by the discovery of a strong lode of rich iron close to the 
Singareni coal field. 

Dr. King’s survey of the coal fields on the north-east confines of 
Chattisgarh was described in the “ Records ” (Vol. XVII., Part 3). 
In South Kewa- regular mining explorations of the Umaria coal 
field had been commenced under Mr. Hughes’s direction in 1883, 
and the shafts proved so satisfactory that steps were taken to 
establish a colliery there with a branch railway from ICatni to 
Jabalpur. -Mr. Hughes also managed to complete the examination 
of the southern coal fields of the Sewa Gondwana basin, the total 
area of exposed measures proved to be no less than 1,800 square 

Mr. Bose took up new ground in the basin of the upper 
Mahanadi, but the results were not deemed satisfactory by Mr. 
Medlicott, who indeed referred prominently to this as an additional 
proof of the unsuitableness of natives of India for the faculty of 
independent research and critical observation required to make a 
good geologist. Mr. Medlicott adds that the Geological Survey is 
about the only branch of the public service in which natives could 
not as yet reasonably find employment. 

Mr. Oldham submitted full progress reports of his work in the 
Himalayan region, embracing a section from the plains to the base 
of the main range; his detailed conclusions are summarised under 
nine different heads in Mr. Medlicott’s report. Mr. Griesbach was, 
unfortunately, taken seriously ill at Kohat, after the expedition to 
Takht-i-Suliman, hut after recovering his strength, at Simla he 
was appointed to accompany the Afghan Boundary Commission in 
the capacity of geologist. The results of the Takht-i-Suliman 
observations were published in the “ Records” (Vol. XVII., Part 4), 
and the same volume contains Mr. Mallet’s examination of ores 
from the Andaman islands. 

Early in the season Mr. La Touche accompanied the expedition 
into the Aka hills, north of Tezpur, in Assam. The dense vegeta¬ 
tion prevented any observation of the rocks except in the stream 
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courses. The section was found to correspond with that observed in 
the Daphla hills to the east by Colonel Godwin Austen, and 
with that described by Mr. Mallet in the Bhutan Duara to the 
west. Inside the tertiary zone there is a belt of carboniferous 
Damuda strata bordering the schistose rooks of the higher hills. 
Here too, as elsewhere, along the foot of the Himalayas, the coal 
is so crushed as to be unserviceable. Later on Mr. La Touche 
examined the Longrin coal field on the south-west edge of the Garo 
hills. His report, which is published with a map in Yol. XVII. of 
the “ Records,” Part 3, shows that the field offers an abundant supply 
of very fair coal easily accessible on the very borders of the plain of 
Sylhet. 

In connexion with the record of Indian geological progress, men¬ 
tion may be- here made of a very instructive discussion of geological 
homotaxis given by Mr. W. T. Blanford in his address as 
President to the Geological Section of the British Association on 
the occasion of their meeting at Montreal. .Being mainly illustrated 
from Indian geology the paper was reprinted in the “ Records.” 
Mr. Blanford is inclined to modify Professor Huxley’s statement 
that “ for anything that geology or palaeontology is able to show 
“ to the contrary, a Devonian fauna and flora in the British Islands 
“ may have been contemporaneous with Silurian life in North 
“ America, and with a carboniferous fauna and flora in Africa.”* 
Granting such conditions to be possible for a terrestrial fauna or 
flora, Mr. Blanford considers that the marine fauna would give 
a much nearer approximation to synchrony. Mr. Oldham also 
dealt with the same subject in the Journal of the Asiatic Society of 
Bengal for 1884 (Part II., p. 187), and illustrated from Indian 
palaeontology the great discrepancies in correlations of time from 
fossil evidence. He also endeavoured to establish synchronous 
relations of distant formations through the evidence of periods of 
glaciation, and arrived at the conclusion that in early secondary 
times the crust of the earth did not occupy the same position with 
respect to the axis of rotation as it does now. 

Two memoirs were published in 1884, Mr. Bose’s on the Lower 
Narbada valley between Nimawar and Kawant, and Mr. Fedden’s 
on Kathiawar, each with a map. They form Parts I and 2 of Vol. 
XXI. In the “ Paheontologia Indiea,” five parts of Series X., the 
Indian Tertiary and Post Tertiary Vertebrata by Mr. Lydekker, 
were published during the year, forming a very valuable addition to 


Quart. Journ. Geol. Hoc., Vol. XVIII., p. xlvi. 
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that branch of the Survey publications. Dr. Waagen also furnished 
two parts (Nos. 3 and 4) of the Brachiopoda of the Produetus 
Limestone, and a huge fasciculus of Series XIV., with 18 
admirably executed plates descriptive of the tertiary and upper 
nretaceous fossils of Sind, was issued from the pen of Professor 
Martin Duncan. 

Some interesting contributions of ores, rocks, and other 
geological specimens were made to the museum from the Inter¬ 
national Exhibition held in Calcutta, the principal presentations 
being made by the Ministers for Mines in New South Wales and 
Victoria, and the Tasmanian Commissioners. 

During 1885 Mr. B. D. Oldham took a trip to Australia to enable 
him to study the Gondwana rooks of that region, and his memo¬ 
randum on the correlation of the Indian and Australian coal-bearing 
beds is published in Vol. XIX., Part 1, of the Records.” Dr. King 
was chiefly engaged in directing the practical exploration of the 
Bampur coal field, which is the southern portion of the Baigarh 
and Hingir basin, formerly surveyed by Mr. Ball in 1876, but 
unfortunately the coal has proved uniformly had in quality. 

During 1884-85 Mr. Foote was able to take up his survey in the 
Bellary district, from which he had been called away in the 
previous season to search for coal in the gneiss of Haidarabad. The 
Sandur hills to the west of Bellary were the principal objects of 
investigation ; they are formed by one of the bands of transition 
rooks that traverse the peninsula with a N.N.W. trend, and are all 
remnants of a once widespread formation which Mr. Foote now 
unites and distinguishes as the Dharwar series, and shows to be 
unconfomable to the gneiss with which it has been intimately 
associated by complete folding together. In the Sandur hills 
there occur masses of rich haematite. Mr. Foote made a careful 
examination of the well-known diamond field at Wadjra Karur, to 
which special interest attached on account of mining operations 
started there hy Messrs. Orr and Sons of Madras. But in spite of 
the occurrence of a peculiar trappean rock, declared to be identical 
with the famous diamond matrix of Kimberley, no speck of the 
gem was discovered. Mr. Hacket covered a large area (some 
3,000 square miles) of new ground in Mewar, in continuation of 
his previous work to the north. It is entirely composed of the 
same obscure rocks—the schist limestones and quartzites of the 
Arvali system in transitional relation with gneiss and granite masses. 
Mount Abu is a mass of coarse highly felspathic gneiss. 




limestone, dipping northwards towards the Hari Rud valley. The 
Raropamisus range, north of the valley, seems to be largely made 
up of a great plant-bearing series which Mr. Griesbach provisionally 
parallels with the Indian Gondwana system, conjecturing that it 
overlies the carboniferous productus-limestone. In notes of a 
year’s later date, published in the “ Records,” Mr. Griesbach adheres 
to this general rook sequence, and describes its distribution in the 
Binalat and other ranges of eastern Khorasan. 

The result of Mr. Oldham’s observations in the Andamans is 
published, with a map, in the “ Records,” and gives generally the 
classification and distribution of the rocks, with a digest of all 
previous explorations. Mr. La Touche was again despatched from 
the Garo hills to take advantage of the topographical exploration 
party to the head waters of the Dehing* on the extreme east frontier 
of Assam. In that region the conditions are very unfavourable for 










fossil Echinoidea from the Q-aj or miocene series of Sind were 
described by Professor Martin Duncan and Mr. Percy Sladen, and 
two instalments of Dr. Waagen’s work on the Salt range fossils were 
also published. Mr. Lydekker also brought out. two parts of the 
“ Palaaontologia Indica,” dealing with Indian Pretertiary Vertebrata, 
and a third part (No. 6 of Series X., on the Siwalik and Narbada 
Ohelonia) devoted to tertiary and post-tertiary vertebrata. 

During 1886 Mr. Foote, whose work had been confined to the 
Madras Presidency during the two previous seasons, mapped a con¬ 
siderable area, in extension of his previous work in Bellary, both of 
gneiss and of his Dharwar schistose series. The researches of 
Mr. Foote’s son, Lieutenant H. Foote, E.A., in the Karnul cave 
resulted in the discovery of very interesting fauna, which has 
been described by Mr. Lydekker in the “ Palaeontologia Indica,” A 
large number of the species, according to this authority, are now 
either totally extinct or not living in India, and are not newer than 
pleistocene. They display numerous affinities with African types, 
a feature previously noted regarding the tertiary Siwalik fauna 
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full and valuable sketch of the geology of Afghan Turkistan appears 
in Part 4 of the same volume. The fourth or concluding batch of 
notes treats of the return march of the Commission from Turkistan 
over the Hindu Kush and through Kabul to India. 

In the little known region of Gilgit, Astor, and Baltistau, and the 
country beyond, the observations made by Dr. G. M. (riles, though 
not those of a professed geologist, supplied some valuable informa¬ 
tion about a large area from the Pamir through Wakhan and 
eastern Badakhshan across the Hindu Kush at its supposed roots, 
and hack through Chitral and Yasin. The whole of the large area 
presented apparently an extension of the conditions known in 
Baltistan; no trace of a fossiliferous rock was seen ; crystalline and 
schistose rocks greatly preponderated, with only a few less altered 
slaty specimens. Throughout the eastern and central part of the 
area an east-west strike was very constant, while on the west side, 
i.e., on what is represented as the axis of the Hindu Kush, the 
prevailing strike of the rocks was north to south, though often 
irregular. There remains a belt of unknown ground (over 150 miles) 
between Charikar and Chitral to which, peculiar interest attaches, 
both from a geological and geographical point of view. 

Several parts of the “ Paiasontologia Indica” came to a natural 
close with the end of the year, Mr. Lydekker, who has earned much 
reputation m that branch, having pretty well cleared off all the fossil 
vertebrata, though of course further collections have since been made. 
With the fasciculus on the Echinoidea of the Makran series of the 
Baluchistan and Persian Gulf coasts Professor P. Martin Duncan 
completed a portly volume, forming Vol. I. of Series XIV., the 
“Tertiary and Upper Cretaceous Fauna of Western India.” Dr. 
Waagen made good progress with his important volume on the fossils 
of the productus-limestone of the Salt range, one part (the 
Ccelenterata) being issued in 1886. 

The year 1887 was marked by the retirement, on the 27th of 
April, of Mr. H. B. Medlicott, M.A., F.R.S., F.G.S., after a con¬ 
tinuous service of over 30 years in India. Mr. Medlicott became 
Superintendent (a title afterwards altered to Director) after the 
retirement of the late Dr. T. Oldham in 1876, and the admirable and 
efficient manner in which he conducted the responsible duties of the 
Department is amply borne out by the official records of the Survey. 
In collaboration with Mr. W. T. Blanford, then Senior Deputy 
Superintendent, he produced the first and second parts of the 

















274 GEOLOGICAL SOBVEY Of INDIA. 

or no clinker, and containing only the average amount of asli, while 
the entire series of the measures is within the easy reach of the 
surface. 

Mr. Lake was deputed to work out the geology of the west coast 
in the long strip of country between Cochin and Karwar. Olio 
noteworthy discovery made was that of an oil shale among the 
strata underlying Calicut, indicating a possible relation with the oil 
traced in the Alleppi mud bank and the smooth waters adjacent. 
Mr. Bose was commissioned to make a thorough examination of the 
Gosalpur manganese ores in the Central Provinces. He estimated 
the total quantity of pyrolusite (manganese ores) at about 50,000 
tons in addition to about 20,000 tons from neighbouring deposits, a 
supply which may be described as practically inexhaustible. Mr. 
Bose subsequently resumed work in Balagkat among the transition 
and Vindhyan rocks, while Babu Kisken Singh investigated the 
limits of the Deccan trap in the Ckiudwara district, after which he 
joined Mr. Bose in the study of the more intricate but economically 
important rocks of Balagkat. Mr. Haeket was unfortunately unable 
to extend his observations sufficiently to the westward of Jodhpur 
to touch on tho Gondwanas.: His work lay west of Mount Abu and 
the Arvalis, but partly from the increasingly complicated associa¬ 
tion of tho very altered rocks in that region, and partly from failing 
health which necessitated t the service, but little 

progress was made towards a solution of the geology of the region. 
Mr. Oldham procured specimens of flexible sandstone, a very peculiar 
decomposition-form of certain quartzites belonging to the transition 
series occurring at Kaliana in the Jhind State, for which frequent 
inquiry had been made both from Europe and America. 

Renewed search for materials required for the development of 
the iron industry at tho Barakar (Bengal) works was prosecuted by 
Mr. Jones, and further progress was made by Babu Hira Lai in 
mapping the extensive coal tracts of the western portion of Chota 
Nagpur. Portions of the Rampur, Sirgujah, and Lakhanpur eoal 
fields and of tho adjacent area were described; all the coal outcrops 
were examined and recorded, and assays were made of such seams 
as were thought worth trying, some of them giving very fair 
results. Attempts were also made to test the capabilities of two 
of the coal fields of the Rajmahal hills, but the results were not 
thoroughly conclusive. On this point Dr. King remarks that 
skilled and experienced miners are rare in India, while boring plant 
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Mr. E. A. Townsend, superintendent of petroleum works in 
Baluchistan, was deputed during the rains to look up the oil 
indications in the neighbourhood of the Uaga hills, the geo¬ 
logical relations of which had already been dealt with in the 
papers of Messrs. Medlicott and Mallet. Mr. Townsend’s report 
on Makum was very encouraging. The oil fields of Yenang-gyung, 
Thayetmyo, and other places in Burma were examined by 
Dr. Noetling, though this involved of course the temporary stoppage 
of his proper work as palaeontologist of the Survey. He also 
recognised silurian rocks in the Shan hills, with the limestones of 
which is associated a very important and extensive band of iron 
ore, and his expedition to the ruby limestone tracts of Madya and 
Kya-whyat yielded some satisfactory information. Mr. Hughes on 
rejoining the Survey was also posted to Burma. In connexion with 
his researches there he made a special visit to the mines of Perak, 
after which he investigated the tin ores of Tenasserim. 

The publications of the year comprised 16 papers (five of which 
were of considerable economic interest) in the “ Records,” a very 
useful bibliography of Indian geology compiled by Mr. Oldham, 
and the concluding part of the “ Productus Limestone Fossils of the 
Salt Range,” by Dr. Waagen. 

At the International Geological Congress held in London in 
September 1888, the Indian Survey was represented by Mr. Medlicott 
and Mr. 17. T. Blanford, while Mr. Oldham also availed himself 
of a brief term of privilege leave to exhibit there specimens of 
interest from India. Mr. Blanford had also been officially deputed 
by the Government of India to represent the Indian Survey at the 
Congress in Bologna in 1881 (see page 255), and at Berlin in 1885. 

In 1889 Mr. Foote examined the auriferous tract around 
Chiggateri, and considered it well worthy of being systematically 
prospected. He also investigated the economic geology of the 
Sandur State, where are great beds of baematitic iron ore, affording 
a practically inexhaustible supply of iron. The only difficulty in 
the way appears to be the scarcity of fuel in the immediate neigh¬ 
bourhood. On the southward slope of the western range of the 
Sandur hills, Mr. Foote discovered an important argillite formation 
very rich in nodular oxide of manganese or pyrolusite capable of 
being easily mined by open workings on a large scale. Mr. Lake- 
surveyed a considerable tract extending over some 1,000 square 
miles in' South Malabar, hut was unable to complete the blank still 
existing here in the geological map, as he was then transferred to 
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Baluchistan to explore for coal and oil. At the close of the working 
season, and just as the S.TV. monsoon was bursting- on the coast, 
Mr. Lake was deputed to Alleppi to study the action of the famous 
mud banks there.* 

The question of utilising the clays and coals occurring in the 
neighbourhood of Jabalpur for pottery works has claimed attention 
for years past, and Mr. Mallet made an exhaustive examination 
which led to the satisfactory result of works being started at 
Jabalpur by Messrs. Burn and Co. of Calcutta.f Mr. Mallet also 
made an interesting series of experiments on steatite from various 
parts of India. This was in response to a demand preferred by the 
Secretary of State, and the tests applied proved that the product of 
the Karnul district of Madras was the most likely to compete 
successfully with the costly material now imported from Germany. 
Dr. King considers that if steps were taken to work quarries the 
prospect of this new industry would be very hopeful. 

The development of the gold industry in Madras has led to 
attention being turned to Chota Nagpur, which from time immemorial 
has been known for its native gold washings and occasional finds of 
decided fragments of gold, and a syndicate has been formed to work 
the neighbourhood of Sonapet. Geological reports on the subject 
already exist from the pen of Mr. Y. Ball, but Dr. Koetling has 
submitted a reportj containing some further information. 

In Extra-peninsular India Mr. E. J. Jones took up a further 
examination of the outcrops of coal in the Sharigh valley, and came 
to the conclusion that the Khost seam is still the one which can be 
relied upon for fuel for that section of the frontier railway. 
Mr. R. D. Oldham has been investigating tbe coal and oil condition 
of the tract traversed by the railway, a task which has for the 
present delayed the publication of his work in the Delira and Simla 
portion of the Lower Himalayas. Mr. La Touche was engaged on 
more detailed reports oil the coal fields of the Kliasia and Jaintia 
hills, and at the conclusion of the working season ho was attached 
to the Lushai column of the Chin-Lushai expedition, which investi¬ 
gated the wild and obscure intermediate country between Chittagong 
and Upper Burma. 

A Ml account of these banks and of the literature of the subject has been written 
by Dr. King, and will be found in the “ Records of tho Geological Survey of India,” 
Vol. XVII., pp. 14-27. 

f Mr. Mallet’s report appeared in the « Records" for May 1880. 

% See “ Eecords ’’ for 1890, Fart II. 
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The investigation and working of tin in Tenassorim continued 
in the hands of Mr. Hughes, and towards the end of the year a 
professional staff of Europeans and Chinese miners were obtained 
from the Straits Settlements. The conditions of tin mining in the 
Mergui district aro fully set forth in Mr. Hughes’s paper in the 
“ .Records ” for August 1889. 

In Tipper Burma much was done by Dr. Noetling in the 
rather rapid explorations which ho had to make in regions known 
for coal, oil, iron, and precious stones; while so engaged he was 
also employed in framing suggestions for the Government for a 
code of mineral concessions and leasos. His most important works 
were reports on the Yenan-gyung oil fields and Chindwin coal field. 

In July 1889 Mr. Griesbaeh returned to India after his tour of 
deputation to the Amir of Afghanistan. During his journey in the 
previous year up the Logar valley to the Klriu'd Kabul valley, 
Upper ITardak, Ckerkh, Kharwar, Zanakhan, Ghazni, &c., the most 
interesting geological work was the recognition of at least three 
horizons, the rhaitio with lithodendron (in Kharwar), the upper 
jurassic (or possibly neocomian) plant beds near iho Shutargardan, 
and finally, well-developed n ummulitics in Kharwar and Slrilghar. 
He examined the copper lodes of the Logar and Khurd Kabul areas, 
the magnesite of the Logar and entrance to the Tangi Wardak, the 
graphite of Oherkh, the iron and lead ores of Kharwar, and the 
argentiferous lead ore of Zanakhan near Ghazni. It turns out also 
that the entire Surkhab valley from near Doab-i-Mekhyari to near 
Daliana Iskar is practically one big coal field with numerous thick 
seams of good coal of triassic and rhaetic age. 

Dr. lYaagen’s further contribution on the Salt range fossils in 
Part I., Yol. IY. (Geological Results), was issued at the close of 
the year. Several important modifications in the classifications 
originally adopted have become necessary, owing to very interesting 
discussions .of fossils by Dr. Warth, the last and most remarkable 
of these discoveries, that of trilobites, having been announced by 
Dr, King, in the Records for 1889, p, 153. 

During 1890 Mr. Foote, the only officer of the Survey left to 
carry on the work in Southern India, completed the examination 
of the southern half of the Bellary district, in quest of the auriferous 
condition of the Dharwar series. The auriferous indications were, 
however, not worthy of particular notice, though considerable 
additions were made to the existing knowledge of the occurrences 






investigation has not been allowed to stand still, and some advance 
has been made in Baluchistan, the Punjab, and Burma, by Mr. 
Oldham, Mr. Middlemiss, and Dr. Noetling. A. discovery of fossils 
in a series of limestones on the outskirts of the Shan plateau, east 
of Mandalay, which he had already noticed as bearing a very strong 
resemblance to certain limestones of the lower Silurian system of 
Sweden and Western Russia is pronounced by Dr. King to be of the 
. grearest geological interest and importance as indicating that a 
branch or arm of the Arctic portion of the ocean by which the lower 
Silurian beds were deposited, reached at least to 22° N. lat. of the 
Indo-Chinese peninsula; it « -even likely that it extended still 
further to the south, as the limestone beds of the Shan hills are 
again mot in Tenasserim. 

Mr. Griesbach was engaged until October 1890 on his Memoir on 
the Geology of the Central Himalayas, which will be issued very 
shortly ; and has since been attached in the capacity of geologist to 
the Miranzai Expedition. 

During the same year (1890) the usual volume of the “ Records,” 
consisting of 23 papers, has been issued; of these, 12 bear on 
industrial or economic subjects. Vol.tXXIII. also contains the second 
part (Madras and the North-West Provinces) of the Provisional Index 
of the local distribution of important minerals, miscellaneous 
minerals, gem stones, and quarry stones in the Indian Empire, which 
has been much sought after. 

One memoir was published, forming Part 2 of Volume XXIV. 
In this, Mr. Middlemiss has contributed much new research to the 
physical geology of the Sub-Himalaya of Garhwal and Kinnaun. 
The remarkable speculation arising out of a sudden develop¬ 
ment of Interest in the auriferous conditions of the Chota Nagpur 
Province has created a great demand for those publications of 
the survey which contain even a slight reference to the geology 
of that region, and as a consequence, Vol. XVIII,, Part 2, of the 
Memoirs, and several parts of the volumes of the records are now 
out of print. 

A complete and detailed index to all the papers published in the 
first 20 volumes of the Records has been 'prepared during the past 
year, and issued quite recently. This publication will prove of the 
greatest use to those desiring to consult the detailed papers on 
Indian geological topics. A “ Bibliography of Indian Geology,” or 
list of books published up to the end of 1887, has also been 
published by Mr. R, D, Oldham, 
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The tracts throughout the Indian Empire still awaiting geological 
examination are of very large extent. In India proper, south of the 
Himalayas, an area of about one-fourth is represented on the latest 
“ state of progress ” map of the Geological Survey as having been 
“ mapped, reported on, and published.” It is true that throughout 
a considerable area thus represented, the topographical maps used 
as a basis for geological surveying were very imperfect, and conse¬ 
quently a more detailed survey may hereafter be necessary. But, 
on the other hand, most of the tracts, such as coal fields, demanding 
close mapping, have been completed, and an enormous area is occupied 
by the alluvial deposits of the Indo-Gangetic plain and by the 
Deccan trap, neither of which, so far as is known at present, 
requires to be surveyed in detail. The remainder of the unsurveyed 
area is occupied to a great extent by gneissose rocks, the examina¬ 
tion of which has been postponed partly because of the rarity 
amongst them of useful minerals, partly because of the great 
difficulties presented by them. 

It is very difficult to form a trustworthy comparative estimate of 
the work that remains to be done before the geological mapping of 
the Indian Peninsula can be regarded as fairly complete, but 
probably about half the work of actual mapping remains to be 

In the Punjab, Kashmir, and Sind, the progress has been greater, 
though much of the work (as has been shown in the case of the 
Salt ran ge) will need revision. Baluchistan is almost untouched. The 
North-western Himalayas cannot be regarded as nearly half finished, 
and of course the range east of Garhwal is, with the exception of 
a few sections, chiefly in the lower ranges, geologically unknown. 
Of the countries cast of the Bay of Bengal, some portions of the 
Assam hills and the province of Pegu, with the southern part of 
Arakan, have been surveyed, all the remainder of Burma, including 
besides Upper Burma, Martaban, and Tenasseriin, together with 
the enormous tract of country between Burma, the Assam valley,. 
and Eastern Bengal, is unsurveyed. 

Roughly, it may be said that west of the meridian of Calcutta, 
the mapping, is half finished or nearly so ; east of the meridian of 
Calcutta only a very small proportion of the area, certainly not 
more than one-sixth, has been geologically surveyed. A large 
amount of exploration and of reporting upon useful minerals has 
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INDIAN METEOROLOGY. 


Tile Indian Meteorological Department was officially established 
by the Order of the Government of India, in the Department of 
Revenue, Agriculture, and Commerce, No. 56 of the 27th 
September 1875. A few months before that, Mr. H. F. Blanford, 
F.R.S , the Reporter and head of the Department, had made a tour 
through Berar, the Central and the North-West Provinces, Oudh, the 
Punjab, Bengal, and subsequently the Madras Presidency and the 
Nizam’s dominions, visiting the principal observatories, and taking 
steps to supply stations with instruments in which they were 
deficient, to get all the barometers satisfactorily compared, and to 
obtain trustworthy determinations of the elevations of the instru¬ 
ments above sea-level. 

At the time of the establishment of the Department there were 
84 obsorvatories in India and its dependencies (exclusive of Ceylon). 
Two of these (a private observatory at Vizagapatam, and one 
established by the Portuguese Government at Goa) were inde¬ 
pendent of the British Government; eight were under special 
superintendents, or attached to special Government departments, 
and 74 were administered by local meteorological reporters or by 
the provincial sanitary commissioners. The observatories were 
very unequally distributed, being somewhat overcrowded in the 
alluvial Sub-Himalayan plain, and unduly sparse over the whole of 
Western India and some parts of the peninsula. But much valuable 
information on the meteorology of the country might, nevertheless, 
have been gathered from them, had the resulting data been com¬ 
parable and accessible to persons in other presidencies. 

Neither of these conditions were fulfilled, however, except 
partially and very imperfectly, and up to 1876 it had been 
impossible to collect and utilise the registers for discussing the 
meteorology of India as a whole. 
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be recorded hourly, from midnight to midnight, on four days in each 
month, and at 10 a.m. and 4 p.m. on all other days. The chief 
object of this arrangement was to ascertain the diurnal variation of 
the chief elements and to furnish the means of correcting registers 
to true daily mean values. These stations were also to be furnished 
with self-recording anemometers. They were as follows :— 

2 in Assam - Sibsagar and Goalpara. 

6 in Bengal - - - Patna, Hazaribagh, Cuttack, 

False Point, Saugor Island, 
and Chittagong. 

2 in North-West Provinces - Agra and Rurki. 

1 in Oudh - - - Lucknow. 

3 in Central Provinces - Nagpur, Jabalpur, and Pach- 

4 in Bombay - - - Belgaum, Poona, Disa, and 


2 in Madras - - - Bellary and Trichinopoly. 

1 in Burma - - - Rangoon. 

At False Point and Saugor Island stations, which were established 
chiefly for warnings of storms, the org'inal plan of six-hourly 
observations at 4 and 10 a.m. and p.m. was retained, 

III. Seventy-one third-class observatories, at which two sets of 
observations of the principal instruments were to be recorded daily, 
at 10 a.m. and 4 p.m. 

The publications of the Meteorological Department were to 
consist of an annual report on the meteorology of India for each 
oalendar year, giving the abstract of the registers of all stations, 
together with a discussion of the meteorological features of the 
year, illustrated by charts of temperature, pressure, and wind 
directions, and also the original observations (corrected and reduced) 
of some of the more important stations. The other departmental 
serial was to be termed “ Indian Meteorological Memoirs,” and to 
include such of the work of the officers of the department as did 
not properly come within the scope of the annual report. 

The library of the Bengal Meteorological Office was transferred 
to the general office, and was thus rendered available for both 
departments. It has since been greatly enlarged by purchases and 
presentations of works. 

During the following year (1876-77) 11 new stations were 
founded, and an important improvement was effected in the work 
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volume of about 300 pages, and published under the title .of the 
“ Indian Meteorologist’s Vacle Mecum.” 

Besides the Report on the Meteorology of India in 1875, the 
publications issued during the year were— 

Part I. of the Indian Meteorological Memoirs, containing three 
papers, viz. 

(a.) On the winds of Calcutta ; 

(6.) On the .climate and meteorology of Kashghar and 
Yarkand; 

(o.) On the diurnal variation of barometric pressure at 
Simla. 

Part I. of the Indian Meteorologist’s Yade Mecum. 

The Meteorological Office for Bengal also published Mr. J. Eliot’s 
report on the Vizagapatam and Bakarganj cyclones of October 
1876. In this report, Mr. Eliot gave a very full discussion of the 
formation and progress of these two storms, based on data collected 
partly from ships which encountered the storm and partly from the 
registers of the coast observatories. He also gave an account of the 
. disastrous flood which submerged the low alluvial tracts at the mouth 
of the Meghna. But perhaps the most valuable part of the report was 
that which dealt with the formation of cyclones. Previous theories 
had laid it down that cyclones originated from the action of two 
opposing winds, which resulted in a rotatory action.' But as the winds 
preceding the formation of a cyclone are generally very light, this 
was practically a mechanical impossibility. Mr. Eliot’s theory, on 
the other hand, ascribes the formation to the continued precipitation 
of rain raising the temperature of the cloud-forming strata by the 
emission of the latent heat of the condensed vapour and lowering 
the atmospheric pressure. 

Mr. N. R. Pogson published a tabular statement' during the year 
of the rainfall registered at the Madras Observatory in every month 
during the previous 62 years. The data in this table were discussed 
by Mr. W. W. Hunter, with special reference to the supposed 
periodicity of droughts and famines in Southern India, in a 
pamphlet which obtained a large circulation and attracted very 
general interest. Mr. Blanford, however, after investigating the 
question with a wider field of materials, was compelled to conclude 
that Mr. Hunter’s results required some limitation. 

The following year (1877-78) was marked by an important 
addition to tho work of the Department, z.e., the transmission by 
post daily of the 10 a.m. readings from nearly all the observing 
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stations. As, however, several of the distant observatories com¬ 
municated very slowly with Calcutta, the charts compiled from these 
giving the isobars, isotherms, wind direction, and rainfall were neces¬ 
sarily often a fortnight in arrear. But as a step towards the trans¬ 
mission of weather reports daily by telegraph, and the eventual 
publication of weather probabilities, the new departure was important. 
It also enabled the reporter to exercise a continuous and most useful 
supervision over the daily work of each observer. 

Altogether, on the 31st March 1878, there were 103 observatories 
at work in India and its dependencies (excluding Ceylon), and one 
in the Persian Gulf. All, except the private observatories, were 
furnished with barometers and thermometers, carefully verified and 
adjusted to those of the well-known standards in India or in 
Europe, and the elevations of by far the greater number of the 
barometers had been ascertained with great accuracy, while the 
preparation by the central office of the daily charts from the postal 
returns was already beginning to throw light on the connexion 
between the seasonal and daily atmospheric changes over the whole 
of India. 

Besides the General Report on the Meteorology of India for 1876, 
and Part II. of the Indian Meteorologist’s Vade Mecum, Part II. 
of the Indian Meteorological Memoirs was issued, containing the 
following papers:— 

1. Storms in Bengal in 1876, with increased atmospheric pressure. 

By J. Eliot, M.A. 

2. On the rainfall of Benares in relation to the prevailing winds. 

By S. A. Hill, B.Sc. 

3. On the diurnal variation of the barometer at Calcutta and 

Hazaribagh. By H. E. Blanford. 

Mr. Blanford also drew up from all the accessible records a 
catalogue of the cyclones of the Bay of Bengal. This was com¬ 
municated to the Journal of the Asiatic Society of Bengal. 

A system of issuing daily reports of the weather in all parts of 
India was set on foot experimentally by Mr. Eliot on the 15th June 
1878, the observations recorded at 10 a.m. being telegraphed to 
Simla, To facilitate the transmission of these reports, a special 
telegraphic code was devised by Mr. Eliot and Mr. Pedler, which 
gave the whole of the requisite information in six words. 

This system was found so satisfactory that it was determined to 
extend it to all observatories having telegraphic communication, 
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A system of storm-warning, by means of telegraphic report to 
Bombay from seven stations on the west and three stations on the 
east coast, was brought into operation on the 13th June, the inclu¬ 
sion of eastern stations being rendered necessary, as it was known 
that the storms which are felt on the west coast of India originate 
in many cases over the Bay of Bengal. In Bengal an improvement 
in the provincial system of reports was introduced by Mr. Eliot, the 
number of stations sending daily telegrams to Calcutta being increased 
from 7 to 15. All with the exception of Dacca were situated on the 
coasts of the Bay of Bengal. Arrangements were also made for 
lithographing the Calcutta daily reports and issuing them about 
3 p.m. to the port authorities, tlie chamber of commerce, merchants, 
and newspapers. The reports were accompanied by a lithographed 
chart of the Bay of Bengal. 

The observations of the temperature of the ground at Alipore, at 
the surface, and at depths of 1 foot and 3 feet respectively, disclosed 
tlie fact that the mean annual temperature of the ground was not 
less than 5° in oxcess of that of the air. These observations also 
showed that the ground acts as a reservoir of the heat received from 
the sun, which it stores up and slowly gives forth to the atmosphere. 
Subsequent research showed that the ground temperature is subject 
to slow but not inconsiderable fluctuations, Which depend evidently 
much more on the rainfall than on any variation in the radiant 
intensity of the sun. The importance of these deductions, from an 
agricultural point of view, led to the institution of similar observa¬ 
tions at Allahabad. 

The remaining portion of the observations extracted from the 
meteorological logs m the possession of the London office was 
received in 1880-81. It consisted of all the observations recorded 
in Indian seas north of the equator, between East longitude 50° 
and 100 up to the end of the year 187S, and the data were reduced, 
corrected, and tabulated according to the months and squares of 
1° latitude and longitude, and arranged in 154 data books, one for 
each 10° square in each month. The discussion of this large 
mass of material therefore now became possible, and was eventually 
undeitakmi by a special officer, Mr. Dallas, who had been trained in 
the London Meteorological Office, and was appointed, partly for this 
purpose, in 1882. 

Part IT. of the Indian Meteorological Memoirs was published 
during the year. . It contained a paper by Mr. F. Chambers on the 
winds of Karachi, being a discussion of three years anemographic 





drawn on a map of 64 miles to the inch and displayed at tlio 
Amsterdam Exhibition, and also prepared for reproduction by 
lithography. The chart accompanying it shows the names of 985 
places, with the average rainfall of each to the nearest integral inch, 
while the distribution of rainfall is shown by eight tints, representing 
respectively the areas with an annual fall below 5 inches and successive 
increments up to above 100 inches. The only general rainfall charts 
of India previously published were, first, that drawn in 1872 by Dr. 
(now Sir) D. Brandis, the late Inspector-General of Forests, when 
engaged in the preparation of his work on the Indian Forest Flora, 
and published in Yol. II., No. 7, of Omm Uijlmays, and, second, 
a revised edition of the same chart, prepared in Mr. Blanford’s 
office and published in 1878. 

Progress was made by Mr. Blanford with the discussion of the 
rainfall data of past years and by Mr. Eliot in the study of tho 
origin and development of storms, by his paper (printed in Part I., 
Yolume II., of the Indian Meteorological Memoirs) on a small 
cyclonic storm which originated over the Bay of Bengal, and thence 
travelled northwards across Bengal in the third week of Novomber 
1878. He showed that the origin, existence, and motion of the 


*e due entirely to the atmospheric conditions of the ai 
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which it actually traversed, and the course of the cyclone across 
Bengal took place where the. air-motion was relatively least, prior to 
its advent. 

The arrival of Mr. W. L. Dallas, appointed Scientific Assistant 
to the Meteorological Reporter to the Government of India, enabled 
the important work of reducing and discussing for publication the 
marine meteorological observations collected during the 20 years 
1856-75 by the London Meteorological Office to be taken up, and 
a beginning was made with the barometic and wind data of the Bay 
of Bengal for the month of January. 

With regard to the collection of current meteorological data for 
the Bay of Bengal this was undertaken by Mr. Eliot. Observations 
were regularly recorded with duly verified instruments on board the 
light-ships off the mouth of the Hugli, aud a form of return 
showing the meteorological information which it is desired to 
obtain was handed to the captain of every vessel. A large number of 
captains duly responded to this appeal, and information of great 
value was derived from their returns On the whole the extracts 
proved that the weather in the whole extent of the hay (excluding 
the Andaman sea) was fairly indicated hy the observations taken at 
the coast stations, and that the progress of every important storm 
might be traced and followed with more or less exactness, almost 
from its origin, from the shore observations. 

Among the more important incidents of the year 1883-84 should 
be mentioned the arrival of Sergeant Rowland and Mr. Shaw at 
Jjoh, in November 1883, for the purpose of instituting actinometric 
observations there. For some months previously they had been 
undergoing most valuable training at the hands of Mr. Hennessey 
at Dehra. 

A body of valuable information with regard to the'question of 
the influence of the Himalayan snowfall on the dry westerly winds 
in Northern India was obtained from officers stationed in the Hill 
States, and the abnormal features of the snowfall in the spring and 
winter months enabled Mr. Blanford to frame forecasts with regard 
to the duration and nature of the dry winds in the plains, which 
were fairly justified by the events. During the year observatories 
were established at Kailang, in Lahul, at an elevation of 10,000 feet 
above the sea, and to the north of the second survey range, and also 
at Chamba. 

Among the more notable publications of the year were Part II. of 
Vol. II. of the Indian Meteorological Memoirs, containing a memoir 























logical returns of which could he accepted as of the highest standard 
of accuracy, and as forming a reliable basis for scientific discussion 
in the annual report. This had the effect of increasing the accuracy 
of the report, diminishing its bulkiness by more than half, and 
considerably expediting its appearance. 

In consequence of these changes, the following re-classification of 
the observatories became necessary :— 

1st.—First class Observatories, including Calcutta, Allahabad, and 
Lahore, at which continuous registration is effected by auto¬ 
matic methods, and Mussoorie or Simla, at which special 
actinometric observations of a strictly scientific character are 
taken. 

2nd.—Second class Observatories, at which a set of observations is 
taken daily at 8 a.m., and telegraphed to Simla, Calcutta, or 
Bombay, for the preparation of the daily, weekly, and monthly 
reports, issued as early as possible for the information of tbe 
public, and two sets of observations daily at 10 a.m. and 
4 p.m. 

3rd.— Third class Observatories, the great, majority of which will 
take daily a set of observations at 8 a.m. only, to be telegraphed 
to Simla, Calcutta, or Bombay. 

The other important changes sanctioned were - 

(II.) The permanent adoption of the system of telegraphing 
rainfall information to Simla introduced tentatively in 1888, and 
the establishment of a uniform system of rainfall registration 
throughout India. 

(III.) The permanent transfer of the working and control of the 
Bombay Coast Storm Signal Service to Simla and the establishment 
of a local system at Bombay, in order to give early weather informa¬ 
tion to the commercial community of Bombay. 

In connexion with this, arrangements were made by Mr. Eliot for 
the preparation at Bombay of daily weather reports and charts 
similar to those prepared in Calcutta, and Mr. Hutchinson, who had 
succeeded Mr. Chambers in the local reportership for Western 
India, was initiated into the methods employed at Simla and 
Calcutta. The first report issued to the, Bombay public was that 
for Monday, 14th May 1890. It found much favour with the 
Chamber of Commerce, who, with the Government, found the funds 
for the undertaking. 




METEOROLOGY. 


305 


(IY.) The extension of the existing system of collecting meteoro¬ 
logical information from the captains of vessels navigating the 
Arabian Sea and the Bay of Bengal. The necessity for the extension 
of the wort of observation in this direction had been long recognised. 
It is absolutely essential for the investigation of the causes of the 
origin of cyclonic storms. Hitherto information had been mainly 
sought of the weather during cyclones, but not of the antecedent 
weather and conditions which led up to and originated these storms. 
Information of the weather in the Indian Seas is even more 
necessary in dealing with the causes which affect the strength of 
the great rain-giving currents of the south-west monsoon. These 
currents advance from the sea into India, and their strength and 
variations of strength probably depend as much upon conditions 
in the sea area from which they advance as in the land area of 
India itself. It was hence necessary that observations of the weather 
in the sea area should be collected as regularly and systematically 
us for the land area. 

(V.) The introduction of arrangements for the collection of 
special observations during storms, and the recognition of these 
observations as part of the duties of observers by special payments 
for these observations. The work of observation with regard to 
storms had been previously very defective.- It was recognised in the 
rules drawn up many years before by Hr. Blanford for the guidance 
of observers that it was part' of their duties to take frequent 
observations during storms but they neither received any pay for 
this special work, nor was any deduction made from their pay, if 
they neglected the duty of taking these observations. It was hence 
voluntary unpaid work, and as its performance was attended with 
mnch physical discomfprt, it was almost entirely neglected. As, 
however, storms form on the whole the most important feature 
of the weather, the registration of meteorological observations 
during their existence was clearly as absolutely essential as of the 
regular observations. 

(VI.) The introduction of arrangements for the utilisation of 
the services of duly qualified scientists m Kurope for the discussion 
of some of the more important series of observations which have 
accumulated in the Calcutta Office during the past 13 years. 
This was rendered necessary by the great increase of work 
thrown on to the Simla and Calcutta Offices. Among several 
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Colaba aad Madras Observatories. 


The Government Observatory at Oolaba is under the direction 
of Mr. Charles Chambers, F.R.S. It is devoted principally to the 
record and publication of facts and the prosecution of inquiry in 
terrestrial magnetism and meteorology, to astronomical observation 
for the purpose of time-keeping, and to the signalling- of time for 
purposes of navigation. The results of the observations are pub¬ 
lished annually in the form of a quarto volume. The autographic 
instruments, which are maintained iD continuous action, are the 
following:—1. Declination magnetograph. 2. Horizontal force 
magnetograph. 3. Vertical force magnetograph. 4. Barograph. 
5. Thermograph, dry-bulb and wet - bulb. 6. Pluviograph. 
7. Anemograph, direction and velocity. 

The harbour clock and time-ball are worked by electric current 
from the Observatory, which is also charged with the custody of a 
store of Indian Government and Admiralty chronometers. Chrono¬ 
meters of merchant ships are also received for rating. 

There is also an astronomical observatory at Madras, until 
lately under the direction of Mr. U. B. Pogson, C.I.E., who held the 
post of Government Astronomer from 1860 until his death on June 
23rd, 1891. This observatory gives uniform time to the greater part 
of India for railway and other purposes, and its longitude® is the fixed 
point of the departure of the Trigonometrical Survey of India. 

Prom the period of his taking charge up to 1885, Mr. Pogson. 
discovered the following six minor planets between the orbits of 
Mars and Jupiter:— 

Name- Date of Discovery. Period of devolution. 


Asia - - 1861, April 17 - 3 9 5 

Preia - - 1864, February 2 - 6 3 23 

Sappho - - 1864, May 3 - 3 5 22 

Sylvia - - 1866, May 16 - 6 6 0 

Camilla - 1868, November 17 6 6 7 

Mera - - 1885, February 6 - 5 4 24 

Asia was so named on account of its being the first astronomical 
discovery made in that quarter of the globe. Freia was first dis¬ 
covered by Professor D’Arrest, at Copenhagen, 1862, October 21st, 


* Its latest determination of longitude, us 


































spelling of these names, and his plan was eventually adopted for 
the gazetteer and for general use. No practicable scheme could also 
combine absolute precision. The Roman alphabet has, for instance, 
but one letter for the consonant «; the Sanscrit has four letters for 
it in its various modifications as a dental, lingual, palatal, and guttural. 
Again, the Indian alphabet has two separate letters for d, 
two for t, and three for s and sh. Indian names could, therefore, be 
represented only in an approximate manner in our tongue without 
the manufacture of a new Roman alphabet, with additional letters, 
by means of accents over the vowels, dots under the consonants, 
italics, or the like. In the system laid down by Sir William Hunter 
and adopted by the Government of India, dotted consonants are 
rejected, as few accents as possible over the vowels are used, and, 
generally speaking, everything is avoided which would give the 
alphabet an un-English look. Moreover, names of important 
places which had attained a historical or literary fixity of spelling 
were retained in their popular form, such as Calcutta, Madras, 
and Bombay. The method did not attempt to reproduce such 
fine distinctions as the four Sanscrit «’s or such consonants as the 
dental and lingual t and d. But a uniform value was assigned to 
each vowel, namely, a and u as in rural-, e as in grey, me'dmit; and 
i and o as in police. The accented d, i, and n represented the long 
forms of the same vowels in Sanscrit, or the sounds in the English 
far, pier, and lure. 

The process of adoption of the uniform spelling of the geographical 
names in all Indian Government publications has necessarily been of 
slow growth. But the existence of a standard work of reference like 
Sir William Hunter’s “Imperial Gazetteer” has been a great 
step towards uniformity of spelling, and all new maps issued by the 
Surveyor-General’s department follow the prescribed spelling, so in 
process of time we may not despair of seeing absolute uniformity 
attained wherever India is mentioned. 

The second edition of the “ Imperial Gazetteer,” produced in 1885, 
took as its starting point the census of 18bl, which was also the 
first complete and fairly synchronous census of India. Its adminis¬ 
trative statistics refer chiefly to the years 1882-84, but in certain of 
the larger questions dealt with the facts were brought down to 
1885. 






XV. 

INDIAN ARCHAEOLOGICAL SURVEYS. 


The archaeological remains of India, apart from their artistic 
interest, are invaluable to the student of history, but it is only 
within comparatively recent years that their conservation has been 
undertaken by Government. This is regrettable, for, a,s has been 
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SURVEYS*. 


lias endured to our time. For five centuries from 250 B.C. nearly 
all monuments in India are Buddhist and Jaina, consisting of rock 
inscriptions, lats or pillars with inscriptions, topes or stupas, rock- 
hewn temples, and viharas or monasteries, the most important Being 
the Sanchi tope in Bhopal in Central India, described hv Cunningham 
and Fergusson, and the Amravati tope near the month of the 
Kistna, also described in the “Tree and Serpent Worship,” and 
by Dr. Burgess. 3. Dmmd-ian Architecture.—This style extends 
over all India, south of the River Krishna, and the temples are of 
vast extent and magnificent design. They are recognisable by their 
pyramidal form, distinction of storeys, and separation into com¬ 
partments by. pilasters. 4. Bengali Architecture.—These temples, on 
the other hand, have no trace of division into storeys, no pilasters, 
and a curvilinear outline with a polygonal base. The style first 
appears m the sixth or seventh century, and the best examples are 
found at Bhavaneswar, in Orissa, and round the temple of Jagannath, 
and thence across India ss far as Dharwar. 5. The Olinliiki/a style of 
Architecture prevails in Gujarat, Kanara, Mysore, and llajputaim. 
The Hallabid temple, one of its finest examples, was built at the 
same time as Lincoln and Salisbury cathedrals, and is considered by 
Mr. Fergusson to be among the most marvellous exhibitions of 
patient human labour to'") world lias ever produced.* C. Th o Jaina 
temples are numerous and elaborate, and have been described by 
Mr. Burgess. The most noticeable examples are at iSatrunjaya, 
Girnar, Mount Abu, and Sadri, and they are found along the 
western Deccan as far as Belgaum, as well as in Bengal and the 
Central Provinces. 7. Lastly, the Muhammadan or tfnmennie Archi¬ 
tecture, in the form of beautiful mosques and tombs, is scattered 
over nearly all parts of India except the extreme south. They range 
over distant periods, and combine the general features of Muham¬ 
madan with the impress in details of local native art. Striking and 
beautiful examples are to be seen at Jaunpur, A.lnnadabad, Bijapur, 
Delhi, and many othor spots. The tomb of Akbar and the Taj 
Mahal, which represent the Mogul arcliiteoturc, are even more widely 
known, and have been thoroughly examined. 

In connexion with this subject, it may be useful to mention that 
Mr. Burgess classifies the buildings of Western India as follows 

1. Buddhist remains. 

2. Brahmanical and Jaina Cave Temples 
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studies of antiquaries and historiansf. General Cunningham was 
placed in charge of the operations. His first investigations lay in 
the country adjoining the course of the Ganges, and forming the 
ancient kingdom of Magadha, the centre of Indian Buddhism 
during its period of ascendency. During this early epoch, two 
Chinese pilgrims. Fa Ilian (A.D. 399-414) and Hwen Thsang 
(A.D. 629-45) visited India, and the localities, cities, and monuments 
described by them form important historical and topographic 
landmarks, which it has been the special aim of modern students and 
comparative geographers to identify. General Cunningham, has 
observed that as Pliny follows the route of Alexander, so an 
inquirer into Indian archaeology should tread in the footsteps of the 
two Chinese pilgrims, Fa Hian and Hwen Thsang. Dr. Burgess, 
too, remarks that there was no Indian Herodotus, Strabo, or 
Pausanias, and that we learn more of the history and ancient 
geography of India from these two Chinese travellers than from the 
whole vast field of Sanskrit literature. 

During his first season, 1861-62, General Cunningham identified 
a number of ruins of Buddhist structures, especially at Buddha 
Gaya, which, owing to the number and importance of its remains, 
has since at intervals occupied the attention of himself and liis 
assistants. The following season was spent mainly at Kalsi, where 
an impression of King Asoka’s inscription, containing the names of 
five Grecian kings -was taken, and at Mathura and at Delhi. The Punjab 
was the scene of General Cunningham’s explorations in 1863-64, 
during which he made good progress in identifying the cities and 
peoples described in the expedition of Alexander the Great from 
the west bank of the Indus downwards, examining every site 
mentioned either by the Greek writers or by Hwen Thsang, and 
giving detailed accounts of Taxila, Manikyala, and of the scene 
of Alexander’s great battle with Poms on the Jehlam. The work 
of the following season lay among the ancient cities between the 












tuts, Messrs. J. D. JBeglar and A. C. Carlleyle, begmni 
iuryey of the two a-reat capitals of the Mogul Empir 
Igra. In 1872 Mr. Carlleyle was deputed to Ea 
Beglar to Bundelthand, while General Ouniiinghan 
ira, Buddha Gaya, Gain, and other sites. The expl 
lhi, Agra, and in the Doab are described in Vol. ID 
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Mr. Beglar to the ancient temple of Buddha Gaya,* to Barakar, 
Telkupi, and other localities of archaeological interest in the ancient 
kingdom of Magadka.t 

In 1873—74 and 1874-75 General Cunningham traversed nearly 
the whole of the wostern half of the Central Provinces,;]; his first 
attention being directed to the magnificent stupa of Bharhut,§ 
half-way between Allahabad and Jabalpur. Proceeding through 
Bilhari, a town formerly of considerable importance, as shown by 
its ruined temples and fine tanks, and Rupnath, where lies one of the 
short rock-cut inscriptions of Asoka (see p. 369), General Cunningham 
made some researches at the great fortress of Singorgarh, a place 
famous for the unprovoked attack made by the Muhammadan 
Governor of Kara on the brave Hindu Princess Durgavati, whose 
great wealth had excited the cupidity of her neighbours, and for the 
great battle which ensued (1563 A.D.), resulting iu the death and 
defeat of Durgavati. General Cunningham also inspected the 
curious Buddhist caves at Bhandak, near the Warda River, and 
the fine group of temples at Markandi on the "Wain Ganga River. 
He also treats in his report of the country of the Gonds, called 
Gondwana by the Muhammadans, which occupies the southern part 
of the region traversed during the two seasons. The true Gond 
country, however, is of larger extent, and consists of the long table¬ 
land which gives rise to the Tapti, the Wardha, the Wain Ganga, 
and the Narmada. In ancient times the region would appear to 
have been called Gauda or Gaur, and General Cunningham identifies 
the people with the Phyllit® (leaf-clad) Gondali of Ptolemy. 
The tenth volume of the Archaeological Survey of India Reports, 
issued in 1880, treats of two tours by General Cunningham m 
Bundelkhand and Malwa in 1874-75 and 1876-77, the chief points 
of interest in which were the discovery of several monolith capitals 

* A complete monograph on Buddha Gaya by the late Dr. Raieiulrala Mitra, 0.1.13., 
was published ill 1878. This work was reviewed by Dr. Bliagwanbil Indraii and the 
editor, in the Indian Antiquary for 1880, pp. 113 f. and 112 f., aud in l'crgnsson’s 
Arclueology in India (1884), pp. 84, &c. There are short accounts of Dr. Mitre's 
antiquarian labours in the “ Times ” of July 30tli and “ Athemeom “ of August; 1st, 
1891. 

f Mr. Beglar’s Report, with a preface by General Cunningham, and illustrated bv 
plans and illustrations, forms Vol. VIII. of the Areliaiological &urvev of India 
Reports. 

J Vol. IX. of the Archeological Survey of India Reports. 

§ Described by General Cunningham in a separate work published by order of the 
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and otlier remains of the time of Asoka and his successors, 
and of numerous specimens of the architecture of the Gupta 
period. The General also visited Khujuraho, in the small native 
State of Chatarpur, for the purpose of examining the Ghautai 
temple which, on the occasion of his previous inspection, he had 
considered to ho a Buddhist structure, hut which Mr. F. 0. Black, 
C.E., after careful examination, pronounced to be a Jaina temple.* 
This opinion was accepted by General Cunningham on his re-exami¬ 
nation of the building and its surroundings. Fresh visits were also 
paid to the great Buddhist stupa at Sanchi, and a good number of 
pillars which formerly supported the circular colonnade were dug 
up, besides 21 new inscriptions. An interesting square temple 
at Deogarb, apparently of 7th century date, with all the 
characteristics of the style of the Gupta period, and first brought 
io notice by Captain Charles Strahanf in the course of his survey 
operations, was also carefully described. 

During the next year General Cunningham examined many 
curious remains of Hindu architecture and sculpture of all ages. 
Of the old Buddhist times there are the ancient mounds of Panch 
Pahari, or the “ Five Hills,” close to Patna, from whence Akbar 
viewed the city when he was besieging Daud Shah, the last king of 
Bengal. Of the same age are the old temples and stupas of 
Sravasti and Tandwa. Of the Indo-Scythian period there is a very 
curious group of sculpture from Tusaran Bihar, near Allahabad. 
Two inscribed stone pillars at Bilsar in the Doab belong to the 
Gupta age, while the period of Muhammadan rule was well repre¬ 
sented by the grand old masjids at Budaun of the time of Iltitmisli, 
A.D. 1202-09, by the magnificent masjids at Jaunpur, built by the 
Ska.rqi kings in the 15th century A.D.,! and also by the tomb of 
Sher Shah at Sasseram, possessing the largest dome m Northern 
India, and picturesquely built after the Hindu fashion in the middle 
of a sheet of water. Two identifications made by Goneral 
Cunningham during the tour were of great historical interest in 
regard to the early career of Buddha. One was the famous 
Uruvilwa forest of vilwa or bel trees, whither Sakya Sinha 

* See Mr. Black’s paper in the Journal of the Asiatic Society of Bengal, Vol. XLVIII, 

f Beport on the Topographical Surveys of India. 1870-71, Appendix A., Gwalior 
and Central India. 

{ Subsequently visited and described by Dr. Ftthrer and Mr. Ed. Smith (.tee page 339). 
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retired for contemplation, and where he finally attained to Buddha- 
hood. The place is now represented by the small hamlet of 
TJrel, which is a simple contraction of the Pali name Uruwel, the 
bel forest, and the whole neighbourhood abounds with bel trees. 
The other identification is that of Nawal, near Bangarmau. as the 
Nava-deva-kula of Hwen Thsang. Another visit was also paid by 
the General to Buddha Gaya for the purpose of examining the 
surrounding country and making a survey of the ancient sites, and 
to the vicinity of Patna for the purpose of identifying various 
references to Pataliputra made by Fa Ilian, Hwen Thsang, Arrian, 
and other old authorities. 

The twelfth volume of the series presents us with the results of 
tours in 1874-75 and 1875-76 in the Central Doab and Gorakhpur by 
Mr. A. C. L. Carlleyle, First Assistant, Archaeological Survey. In 
the Doab he examined the great mound of Indor Rhera, eight miles 
to the S.S.W. of Anupshahr on the Ganges, where he found a copper 
plate inscription of the great King Skandagupta, dated in the year 
146 of the Gupta-era. He also discovered an ancient fort at 
Sankara on the Budh Ganga and other historical places in the same 
neighbourhood. Mr. Carlleyle claimed also to have discovered at 
Bhuila Tal, the site of the famous town of Kapilavastu, the birthplace 
of Sakya Buddha, for many centuries the most venerated of all 
the holy places of Buddhism. This supposed identification was 
accepted on a subsequent visit by General Cunningham, who 
traced there various minor sites associated with the life of Sakya 
Muni. The identifications were eventually, however, quite disproved 
by Dr. Fiihrer. 

During the same seasons (1874-76) Mr. Beglar was exploring 
the little-known tracts between Chattisgarh and Outtak. as well as 
some interesting places in Rewa and the Central Provinces on the 
west, and in Orissa on the east. At Ranipur-jural in the State of 
Karund, there is a very fine example of the Indian. Hypretkral 
temple, of which very few specimens exist, besides many other 
temples of various periods. The most ancient places visited by 
Mr. Beglar were the famous sites of Khandagiri, Udayagiri, and 
Dhauli with their well-known rock edicts of Asoka. The groups of 
numerous caves at Mara, about 100 miles S.E. of Rewa, are without 
inscriptions, but are interesting from their extent, as well as from 
their position, in the heart of a very wild and picturesque country. 
Of much later date are the fine Brahmanical temples of Okandrehi 
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and Turfcuria, of which some views are given in Mr. Beglar’s Report.'-- 
When these temples were built, the arts of architecture and 
sculpture in the Central Provinces must have been quite as 
flourishing as in any other part of India. The temples at Markandi 
on the Wain-Ganga River, and of Boram Deo in the Kawarda State 
of Ckattisgarh, also bear witness to the same fact. G eneral Cunning¬ 
ham concludes, therefore, that the whole of this part of the country 
must then have belonged to the powerful Iiulachm-i Rajas of Cliedi, 
and not to the aboriginal .Goads, whose power was confined to the 
hills. 

Mr. Carlleyle continued, during the seasons 1875-77, his task of 
endeavouring to identify sites in the Gorakhpur district connected 
with the early history of the great teacher, Buddha Sakyamuni. lie 
made a complete exploration of the ruins at Ivasia, which General 
Cunningham had already identified with the ancient city of Kusi- 
nagara, where Buddha died.j- This view is, however, questioned by 
Professor Oldenburg and others. The ensuing seasonsJ; were devoted 
by Mr. Carlleyle towards following up the further route pursued by 
Hwen Tksang, who after terminating his visit to Kapilavastu and 
its sacred neighbourhood, next proceeded in a south-easterly 
direction to pay his adorations at the various spots where Buddha 
had passed, after he had left his native place to enter upon the life 
of an ascetic. The districts, parts of which were traversed by 
Mr. Carlleyle during the three seasons 1877-80, were Gorakhpur, 
Saran, and Ghazipur, and in the course of his survey he discovered 
another inscribed pillar of Asoka at Rampurwa in the Terai, at tho 
foot of the Nepal hills. The inscription is letter for letter the same 
as that on the two pillars near Betiya. The pillar is lying 
prostrate, and in its fall tha capital was broken, and the lower part 
of the bell was found attached to the shaft by a massive copper 
bolt, proving that the Hindus were probably aware of the 
destructive properties of iron when used as a -fastening for stones. 
General Cunningham, believes that the art of stone-cutting was 
known to the Hindus before the time of Alexander. 

In 1878-79 General Cunningham turned his attention to the 
Punjab, with the object of seeing several of the rather out-of-tlie- 


* Vol. XIII. of tire Archeological Surrey of India (Cunningham), Calcutta, 1882 
t Vol. XVIII. 

1 Detailed in Vol. XXII. 
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way places which he had not previously visited, so as to complete 
as far as possible, a general exploration of the province. The 
temples at Baghanvala, Malot, and Ketas, were visited by Mr. 
Beglar, who then proceeded to Ali Masjid to excavate the various 
Buddhist remains, which had been discovered on the occupation of 
the place by the British army at the time of the Afghan Campaign. 
General Cunningham examined all the sites to tlio south of Manik- 
yala, which had been visited by General Court, and then proceeded 
to Shahdheri, the supposed ancient Taxila, to explore some spots 
that had been left untouched by General Yentura. Besides mis¬ 
cellaneous objects, such as figures and ornaments, thousands upon 
thousands of old Indian coins are found among the ruins of Taxila, 
which seem to indicate that the Hindus were in possession of a real 
coinage at the time of Alexander’s expedition. After visiting 
Kafirkot, the General inspected the site of Rohri, where the floods of 
the Indus had cut away part of the bank, and revealed the remains 
of an old stupa with numerous Buddhist figures and heads in 
stucco. The fort of Amb, within the Salt Range, which was visited, 
still possesses some Hindu temples. The great mound at Jehlam 
had been described by both Generals Court and Abbott; recent 
diggings for the railway had brought to light relics dating from the 
time of the Greeks, and also from the most flourishing period of 
Kashmirian rule. Passing- through Lahore, the General visited the 
lofty mound of China, 11 miles from Amritsar, which he identifies 
with the Chinapati of Hwen Thsang, and crossing the Beas River, 
explored various old sites in the ‘Jalandhar Doab and east of the 
Sutlej. South-east of Ambala, General Cunningham discovered 
the village of Topra or Tobra, from which Firoz Shah removed 
the groat monolith of Asoka; and his tour at as brought to a conclu¬ 
sion with the examination of the old battle fields famous in Hindu 
history which are grouped round Thaneswar.* 

The following season was devoted by General Cunningham to a 
tour in Behar and Bengal from Patna to Sunargaon. He first 
visited Buddha Gaya where he had the good fortune to pick up two 
dated inscriptions, one fixing the accession of Dharmapala, the 
second Prince of the Pala dynasty of Bengal in 831 A.D. At 
Jahngria, the rock sculptures and rock-cut temple of Kalialgaon are 


* Vol. XIV., Arcliffiological Survey of India.—Report of a tour in the Punjab ill 
1378-79. By Alex. Cunningham, Major-Oknoral, C.S.I., C.I.E. Calcutta, 1882. 
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The season of 1880-81 was devoted by General Cunningham to a 
tour in Forth and South Behai-.* Part of the season was spent in 
clearing the Buddha Gaya temple, in the course of which the 
sites of many of the holy places described by the Chinese pilgrims 
and some traces of the original temple of Asoka were identified. 
The raised promenade or cloistered walk along which Buddha took 
exercise was identified, as well as the vajrdsan, or famous “ diamond 
throne,” on which Buddha was said to have sat under the Bodhi tree. 
The result of the researches at Buddha Gaya, made in November 
1880, and again in February 1881, were fully described in a special 
joint work by General Cunningham and Mr. Beglar. The following 
season (1881-82) found General Cunningham in the Central 
Provinces, exploring the old cities of Bajim, Arang, aud Sirpur, the 
last of which he believes to have been the ancient capital of the 
country of Maha-ICosala, or Chattisgarh, as it now called, and 
obtaining copies of their ancient inscriptions. The remains of these 
three ancient sites differ from other temples in Northern India, not 
only in their plans, but in their decorations. They present no grand 
entrance to the front, which is quite open to the full breadth of the 
nave or hall, the only access being by small flights of steps from 
the sides. Their spires also are not so lofty as those of the mediaeval 
temples, and their external ornamentation bears a strong resemblance 
to that of the great Buddhist temple at Buddha Gaya. But the 
sculptures on the pilasters are all of Brahmanioal subjects. From the 
inscriptions from these old cities General Cunningham was enabled to 
frame an outline of the history of Maha-Kosala, from the 3rd or 4th 
Century of the Christain era down to the conquest of the country by 
the Marathas. He also paid a visit to the great temple of Boram 
Deo, which is one of the finest buildings in the Central Provinces, 
both in size and in richness of ornament, but which turned out to 
be much more recent than previously supposed. The tour finished 
at Mathura, where General Cunningham was fortunate enough to 
find a half life-size alto-relievo statue of Herakles strangling the 
Nemsean lion. It appears to have been copied from some Greek 
original, and has apparently formed one side of an altar.f The 
group is now safe in the Calcutta Museum, after having been used 
as a cattle trough for years. 

" •'Volume XVI., Arcliteological Survey of India) 
f Yol. XVII. o£ General Cunningham's Reports, dealing with the above tour is 
accompanied by a note on the aboriginal race of the Suuras or Suvaras, and another 
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condition of the monuments of Lahore, Delhi,® and Agra. Captain 
Cole instructed draughtsmen to measure and draw the structures, 
and submitted a report. In the following- year, Captain Cole was 
gazetted Curator of Ancient Monuments m India, and received 
instructions to inspect the principal monuments throughout India, 
a duty which occupied him up to the 7th April 1882. His first 
reportf contained a brief history of some of the chief measures 
taken during the century to preserve the monuments of India, lists 
of remains, and of works of reference, and some rather interesting- 
detailed notes on structures and antiquities in tlie various provinces 
visited by him during the year. 

The second report appeared in 1883.J It furnished a list of the 
drawings, sections, elevations, and plans made by Major Cole’s 
officers, and an account of his own rounds of inspection, besides 
archaeological reports from several of the Local Governments. In 
more than one of the provinces some useful steps had been taken. 
Mr. Grant Duff, Governor of Madras, had been touring- through the 
Southern Presidency, and his visit had given an impetus to archaeo¬ 
logical conservation and research. A special officer was appointed 
to undertake the repairs of the Madras monuments, the appointment 
being offered to, and accepted by, Mr. F. C. Black, C.E.,§ who forth¬ 
with proceeded to Hampe or Bijayanagar, and the Seven Pagodas. 
At Bijayanagar the work of conservation was vigorously taken in 
hand, and 110 buildings cleared of jungle; and at the Alaiva or 
Shore Temple at Seven Pagodas, the sand was cleared away from 
the walls of tlie outer enclosure. For Central India, Major Keith 
was appointed Assistant Curator, and was despatched to Sanchi to 
effect clearances, to re-crcct the fallen gateways of the Great Tope, 
and carry out other repairs. This work was put in hand, and by 


* A work Oil « The Archeology and Monumental Remains of Delhi ” (281 pp. 8vo.j, 
was produced by Mr. Carr Stephen, in 1876 (Ludhiana). If, contains a description 
and history of every object oi antiquarian interest in the place, beginning with the 
site of tlie semi-mythical India-prastka, the capital of Yuclishthira, which is supposed 
to date back to 1450 B.C., and concluding with the tomb of the Emperor Akbar II., 
who died in 1837 A.D. 

f Published at the Ofovernment Central Press, Simla, 1882. 

;[; Second Report of the Curator of Ancient Monuments in India for the year 
1882-3. Calcutta: Superintendent of Government Printing, 1883. 

§ Mr. F. C. Black contributed several papers on archeological subjects to the 
Journal of the Asiatic Society of Bengal. He died in 1889. A brief record of his 
public services will be found in the Minutes of Proceedings of the institute of Civil 
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the end of the year quite a transformation had been effected. In 
the Punjab a grant of Bs. 38,000 was allotted out of the Govern¬ 
ment of India grant, and Lieutenant Abbott, R.E., was placed in 
charge of the operations, which consisted of the restoration of 
various important monuments- and buildings at Lahore, Delhi, and 
in the Jalandhar district. Excavations were also carried out in the 
Yusufzai district, north-east of Peshawar, and several new 
sculptures, illustrative of the Grasco-Baktrian style of art were 
brought to light. Illustrations of some of these are appended 
to Major Cole’s report. In the North-West Provinces, the opera¬ 
tions were mainly entrusted to Mr. Heath, who made many 
useful restorations in the Port of Agra, at Akbar’s tomb at 
Sikandra, at Fathepur-Sikri, Mathura,, and Brindaban;* and in the 
Nizam’s dominions a report was obtained from the Sadr Talukdar 
promising to take seeps to effect several works of restoration at 
Kalbura-a and other places. 

Major Cole’s third Beportf was the last of the Series, for in 1883 
the Government of India decided to entrust the work of preserving 
buildings and monuments of importance to the Local Governments, 
who were also desired by the Government of India;]; to take 
up the preparation of the lists of ancient monuments, dividing them 
into three categories:— 

I. Those monuments which form their present condition and 

historical or archaeological value ought to be maintained in 
permanent good repair. 

II. Those monuments which it is now only possible or desirable 

to save from further decay by such minor measures as the 
eradication of vegetation, the exclusion of water from the 
walls, and the like. 


» Mathura anil Brindaban have been treated in scholarly detail in “ Mathura: a 
District Memoir,"- by F. S. Growsc, B.O.S., M.A., Oxon., C.I.E., second edition 
(N. W. Prove, and Oudb G-ovcrnment Press, 188U). 

f Published at Calcutta in 1885. Major Cole also engaged in survey work, and 
obtained sanction for a grant of Es. 5.000 towards reproducing some of tile drawings 
made. But great expense was incurred by the French firm entrusted with the-work, 
and after 42,000 francs lmd been spent on 61 heliogravure photographs and 42 
lithographs, further expenditure was stopped by order of Government. The drawings 
were distributed in 10 folio parts, without title page. 

t Resolution of Home Department (Archeology) No. 3—168—83, dated Calcutta, 
26th November, 1883. 
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remarks that these edicts give an idea of what the king did for his 
subjects in his wide empire which extended from Eehar to Gandhara, 
and from the Himalayas to the Kalinga coast. Asoka the 
Humane went over to Buddhism in the eleventh year of his reign 
and became a zealous religionist, but he was a good prince, and 
tolerant towards the other faiths, as is exemplified in his edicts. 

The Buddhist caves of Junagadh, Talaja, Sana, &c. form another 
feature of interest in Kathiawar. Hwen-Thsang, the Chinese 
pilgrim of the seventh century states that there were in his time 
about 50 convents here with about 3,000 recluses. Of these' 
Buddhist convents remains still exist, though four centuries of 
Moslem dominion and strife have obliterated nearly every trace 
of most of them. The rock-cut caves at Junagadh were probably 
excavavated for the Jainas by the Sah or Kshatrapa kings of 
Surashtra about the end of the second century A.D. Mount Girnar 
was doubtless a place of pilgrimage, even before the days of 
Asoka, and in his time it probably became a Bauddha sacred 
place where monasteries were early formed and cells out in its 
granitic scarps for the devotees. The Jaina temples here form a 
sort of fort, perched on the ledge at the top of the great cliff; they 
aro 16 in number, and some present a majestic appearance with 
their boldly carved granite pillars. There is a striking example of 
modern indigenous art at Junagadh in the tomb of Maiji Sahiba, 
the mother of the late Nawab of Junagadh. From a low platform 
rise 20 rich and elegant columns supporting the , colonnade or 
verandah surrounding the tomb. The carving is most elaborate and 
florid, though Mr. Fergusson considers the details inappropriate for 
stonework and the style not in accordance with the true principles of 
constructive design. The town of Jamnagar is of recent origin, and 
there is not much of antiquarian interest in it, but the facade of 
the palace and the Delhi gateway, two capital photographs of which 
were taken by Dr. Burgess, are good specimens of modem Hindu 
architecture. 

The history of dutch is involved in great obscurity. But perhaps 
the most important, as it certainly was the most disastrous, event 
connected with the architectural remains of the province was one of 
comparatively recent date, i.e.,tke great earthquake of the 16th June 
1819, which extended from Nepal in the north to Pondicherri in the 
south, and from Makran in the west to Calcutta in the east, but 
the force of which most violently affected Cutch and the region 







enrich, the place, a ruinous tax having been imposed, which drove 
most of the weavers away, and destroyed the principal source of 
trade. The Buddhist rock-cut temples at Aurangabad had received 
no attention previously to Mr. Burgess’s visit. One of the 
most noticeable features is the remarkably ornate character of the 
pillars, illustrations of several of which are given by Mr. Burgess. 
A good photograph of the elegant square pyramidal tower over 
the shrine of the Ahalyabai temple at Elura also finds place in 
the volume, as well as facsimilia and translations of numerous 
important inscriptions. 

Mr. Burgess’s fourth volume is entitled “ Report on the 
“ Buddhist Gave Temples and their inscriptions, being part of the 
“ results of the fourth, fifth, and sixth season’s operations of 
“ the Archaeological Survey of Western India, 1876-79. Supple- 
“ mentary to the volume on 1 The Cave Temples of India.’ It 
does not profess to be a complete report in itself, but to afford a 
good deal of additional material for the study of Buddhist cave 
architecture which could not be comprised within the limits of the 
second part of the work on the Cave Temples published the previous 


The principal object of that work had been to present a 
general survey of all known examples of Indian rock-cut archi¬ 
tecture. They number over a thousand in all, and though the greater 










The Kailasa or Rang Mahal Temple No. XVII. of the series as 
reckoned from the south, has been pretty fully described in the 
Gave Temples of India. It was probably constructed in the reign of 
Dantidurga, the great Rashtrakuta king (in A.D. 730-755) and is the 
most extensive and elaborate rock-cut temple in India, as well as the 
most magnificent of all the architectural objects with which that 
country abounds. Long, too, after the great temple was finished, 
works were carried on at different points m the surrounding rock, 
shrines and images being added until probably the inroads of the 
Muhammadans finally put a stop to them. The Brahmanical caves 
north of 'Kailasa, except the Dumar Sena, are not so notable, but 
the two pi’incipal Jaina caves are very remarkable both in extent 
and elaboration. They are later in point of date than the eaves 


m, Hunter, and Dr. Burgess himself in 1871. 
tained during Dr. Burgess’s archaeological tours 
3 by Professor G-. Biihler, C.I.E., of Vienna, in the 
chapter being devoted to the famous Nanaghat 


Chalukyan temples was begun in the south-east of the Dharwar district 
in 1881, and continued in 1882 chiefly in Belgaum. In 1883-84 
the Muhammadan architecture of Gujrat, especially at Champaner, 
Dholka, and Ahmadabad ,* was partly surveyed, and an extensive and 
important series of drawings begun. In 1885 H.H. the Gaikwar of 
Baroda requested that the survey should take up the ancient city of 
Dabhoi; this was done by Mr. Cousens, and the result published at 
























magnificent Buddhist monument in all India—the Amravati Tope.* 
Here Mr. Sewell set to work in 1877, and during- the summer ana 
autumn of that year, unearthed a large number of marbles which he 
closely described in his report.j- 

In 1879 Mr. Sowell went home oil sick leave, and the following 
year the Duke of Buckingham, Governor of Madras, paid a visit to the 
spot and directed the district collector to complete the excavation of 
the tope, at a cost not exceeding Rs. 1.000. But, as Lord 
Hartine-ton pointedly remarked in a despatch on tlio subject, the 
collector’s special qualifications as an archaeologist were unknown, 
the promised sei-vices of a Public Works officer to help him 
were not vouchsafed, and the general result was to convert the site 
of the tope into a large pit about 75 yards in diameter, to 
disarrange the stones and debris, and so destroy the chance of 
getting any idea of its size or structural arrangements.$ 
Dr. Burgess is of opinion, however, that this once splendid 
monument had been destroyed perhaps moro than once before, and 
that many of the beautiful slabs must have been used even within 
the last 65 years to burn into lime, or to repair miserable Svami. 
temples, and similar buildings. There are indications also of a 
great flood having first destroyed, or at least greatly injured, the 
stupa, possibly drowned many of its priests and worshippers and 
led to its falling into rapid decay, after which it was reconstructed 
after some rough manner. 

On Mr. Adam’s sudden death, Mr. (now Sir) M. E. Grant Duff 
became Governor, and in November 1881, the superintendence of 
the Madras Archaeological Survey was also entrusted to Dr. Burgess. 
His first season was devoted to the survey of the remains round 
Bejwada, the Amaravati and Jaggayyapeta stupas, the Jangada anil 
Dhauli inscriptions of Asoka, and a visit to the Kbandagiri ana 
TJdayagiri caves, taking facsimiles of all the inscriptions. 

The season of 1882-83, besides the official work and direction of 
the Bombay Survey, was largely devoted, along with Mr. A. Bea, to the 
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or Oonjiveram, Mamallapnram, Bijayanagar or Hampe, Rames- 
waram and Madura, various reports by Dr. Burgess on Ahinadabad, 
Broach, Dholka, Champaner, and Mehmudabad and Sojali, and by 
Mr. Cousens on the Chalukya. architecture of Dharwar and Belgaum, 
the Musalman Architecture of Bijapur, and (for the Gaikwar) on the 
ancient architecture of Northern Gujrat. It was estimated that 
these materials would fill 12 volumes, and arrangements were made 
for Dr. Burgess, on his retiring from the Service, to continue the 
work of editing and supervising’ the publication of the volumes a.t 
home. The archaeological staff was then reduced to the following :—• 

Mr. H. Cousens, C.E., Superintendent of the Archaeological 
Survey, Western India. 

Mr. A. Rea, Architect, Superintendent of the Archaeological 
Survey, Southern India. 

Dr. E. Hultzseh, Epigraphist, Southern India. 

Dr. A. Eiihrer, for general Antiquarian and Epigrapliical 
Research in the North Western Provinces. 

Mr. E. W. Smith, Architectural Assistant to Dr. Eiihrer. 

There are now three parties, one underMr, Rea, another 
under Mr. Cousens, and a third under Dr. Eiihrer and Mr. Smith, 
each being provided with a small staff of native draftsmen. 
Dr. Hultzseh continuing his epigraphical researches in Madras. 

Among recent literature on Indian archaeology mention may be 
made of an excellent paper on “ Ancient India,” more particularly with 
reference to its antiquarian remains, as described in the principal 
official reports of the last 20 years, which will he found in the 
“ Quarterly Review” for July 1889, Yol. 1C9. A paper of a more 
general character, entitled “ The History of Arclicoology in India,” 
formed the subject of an interesting- lecture by Mr. James Gibbs, 
C.S.I., C.I.E., delivered before the Society of Arts on the 2nd April 
1886 (Journal XXXIY., p. 555). A French writer, too, Dr. Gustave 
Le Bon, has produced an interesting volume, entitled, “ Les Civilisa¬ 
tions de l’lnde,” and issued by Einnin-Didot et Cie., in Paris. 
The boob, which is profusely illustrated with lithographs and 
chromo-lithographs, is the fruit of an archaeological mission through 
India, with which Dr. Le Bon was charged by the French Minister 
of Instruction. 

In the “Journal of Indian Art” (W. Griggs, Peckham) occa- 
sionial papers on Indian archaeology have appeared, among which 
the following may be instanced:—In Yol. I., No. 8, p. 6], and 
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title-deeds of grants and endowments made by kings and chiefs to 
temples and religious communities, some being on rocks, some on 
the pillars and walls of temples, and others engraved on plates of 
copper held together by rings to which is attached the seal of the 
reigning dynasty. In these inscriptions lies the hope of filling up 
the many lacunae in Indian history, and we find that Sir Charles 
Wilkins, General John Oarnae, Sir John Shore, and others who 
rallied round Warren Hastings and Sir William Jones, to form the 
Asiatic Society of Bengal ninety years ago, fully recognised this, 
and at once began to collect and investigate the contents of 
inscriptions.® Colonel Colin Mackenzie during the first years of the 
century did much to collect inscriptions, especially in Southern 
India, where they are very numerous, and is said to have prepared 
copies of no less than 8,076. Francis Buchanan (Hamilton) also 
collected many inscriptions. During his long residence in India, 
Sir Walter Elliot spared no pains in collecting impressions of copper 
plate grants, and transcriptions of stone tablet inscriptions, and by 
means of them was able to establish the chronology of the great 
Chalukya dynasty of the Kanarese and Maratha countries, which 
flourished from the 5th to the 12th Centuries. Others, such as 
Tod, Prinsep, Le Grand Jacob, Bhau Daji, and Cunningham showed 
like activity in collecting, but as Lassen truly remarks! it was the 
zeal and thoughtfulness of individuals, rather than the care of the 
Government, to which the knowledge and preservation of these 
ancient monuments of the country were due. 

However, in 1851 the Bombay Cave Temple Commission, 
appointed to carry out the object of the despatches of the Court of 
Directors,! obtained the appointment of Lieut. Brett to copy and 
take impressions of the inscriptions ; and reduced lithographs and 
translations were published by the Rev. Dr. Stevenson in the 
Journal of the Bombay branch of the Royal Asiatic Society. 
Early in 1856, the same Commission recommended the publication 
under Government, of fac-similes or copies with decipherments and 


* Pali, Sanskrit, and old Canarese inscriptions from the Bombay Presidency, and 
parts of the Madras Presidency and Maiaur. By J. F. Fleet and Jas. Burgess, 
London (Eyre and Spottiswoode). 1878. 
t Alterthumskundc, II,, 42. 

X No. IS of 28th May 1844, No. 1, 27th January 1847, No. 24, 2flth September 
1847, and No. 13 of 4th May 1853, and Resolution of Bombay Uovernment of 
31 st July 1848. (No. 2805.) 
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In 1878, under the sanction of the Secretary of State for India, 
a volume was produced by Messrs. Fleet and Burgess, containing, as 
a basis, the collections of Colonel Dixon and by Dr. Pigou (which had 
been included in Sir T. C. Hope’s “ Inscriptions in Dharwar and 
Mysore”). These were supplemented by photographs taken by, and 
lithographs from estmnpages and rubbings made by the Arc!ecological 
Survey of Western India, and Mr. Fleet, besides fac-similes of 
other grants. But these were far from embracing even nearly 
all the inscriptions from Western India and the Dekhan at present 
available, for in the India Office Library, in the Boyal Asiatic 
Society, in the Bombay Asiatic Society, in the British Museum, 
and in private hands both in India and in Europe, there are a 
considerable number of copper-plate grants which, if published in 
fao-siinile, would fill up many lacunae, and supply important dates. 

To the volume on Pali, Sanskrit., and old Oanarese inscriptions 


is prefixed an important introductory chapter on Indian inscription, 
the substance of which I have reproduced in the above sketch. 


















of the beginning of the ninth century from Baijnath in Kangra ; 
eight from Khajuraho, and other Chandella records ; the great 
Siyadoni inscription discovered by Dr. Burgess; a new record of 
Toramana from the Panjab ; a large number of short but important, 
Jaina inscriptions excavated from the Kankali Tila at Mathura; 
and numerous others of great historic interest. 

Another valuable aid in the elucidation of Indian history is 
afforded by coins, which enable one to trace the chronology and 
sequence of ancient dynasties. Much light has been thrown on this 
branch of antiquarian knowledge by the researches of Sir Walter 
Elliot, who many years ago supplied a review on the coins of Southern 
India.® In regard to the coins of Northern India, the labours of 
James Prinsep, Wilson, Cunningham, and Edward Thomas have 
contributed valuable information; and Mr. Thomas’s re-issue of 
Marsden’s “Numismata Orientalia” has been the means of bringing 
out some important papers on Indian coinage, chief among which 
may be mentioned Part I., published by Mr. Thomas himself in 
1874, on ancient Indian weights and the origin of a currency in 
India: one (Vol. III., Part I.) by Lieutenant-General Sir Arthur P. 
Phayre, G.C.M.G., on the “Coins of Arakan, of Pegu, and of 
Burma,” and another (Vol. III., Part II.) by Sir Walter Elliot on the 
“ Coins of Southern India.” 
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and the necessity for a better arrangement. Colonel Thuillier’s 
views were favourably received; tie six months’ preliminary charge 
enabled Mr. Markham to get a good grip of the work, and with the 
experienced assistance of Mr. Trelawney Saunders much progress 
was made in sorting and arranging the maps. In July 1809 
Mr. Saunders’ appointment was made permanent as “ Assistant in 
the Geographical Department ” with a salary of -1007. per annum, 
and shortly afterward agents for the sale of maps were appointod, 
and a map mounter's services were secured to the Department. 

The “ Memoir on the Indian Surveys,” the prototype of the 
present work, was produced by Mr. Markham in 1871. It contained 
a complete and succinct account of the operations under its various 
heads from the earliest period down to 1869, and the author’s plan 
contemplated the publication of annual “abstracts” in continuation 
of the original Memoir, and arranged in the same form. During the 
following years, the Geographical Branch was re-inforced by the 
appointments of the present writer in 1872 and Mr. W. Konson in 
1873. The Moral and Material Progress Reports for 1871-2 and 
1872-3, arranged on a better system, and supplying a fuller retrospect 
of past administration than previous reports, were prepared by 
Mr. Markham and received universal commendation. Mr. Markham 
also discovered and edited the journals and other papers of George 
Bogle, Warren Hastings’s envoy to Tibet, and Mr. Thomas Manning, 
who travelled to Lhasa, and in the translation of the appendices 
and in the preparation of the maps to accompany the work the staff 
of the department gave useful aid. The Annual “ Abstracts of 
Surveys” were also regularly prepared from year to year, those 
for 1869-70, 1870-71, 1871-2, and 1872-3 being written by 
Mr. Markham, and those for the succeeding years up to 1880 by the 
present writer. In 1876 a simplified catalogue of the maps on sale 
was compiled by Mr. Ronson. The want of such a catalogue had 
long been felt, and its handy formed alphabetical arrangement 
found to be a distinct convenience, greatly facilitating reference. 
During these years a general catalogue of all the original maps, 
plans, surveys, memoirs, field books, &o. in the Department was 
under preparation by Mr. Saunders, and was finally published in 
1878. It was a laborious undertaking, and its successful completion 
reflected much credit on Mr. Saunders. Mr. Markham, Captain 
(now Colonel) H. R. Tkuillier,* and Mr. F. B. Girdlestone had assisted 
~’ * The present Surveyor.General o£ Iudi^ : 
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in tlie earlier stages of its preparation. Its object was to supply a 
catalogue of all the geographical documents in the India Office, and 
with the addition of the regular quarterly lists of maps since 
received from India this object may be still said to be secured. 
The enormous accession of new maps during the last fifteen years 
has, however, completely revolutionised the former condition of 
tilings, and an entire re-arrangement of the geographical collection 
of the India Office has now (1891) become necessary. The ideal 
organisation, did space permit, would be to have presses in and 
adjoining the map room sufficiently numerous to accommodate a 
copy of every map, old and new, for consultation and ready reference, 
with a reasonable margin of room in each press for future accessions. 
This would constitute the permanent collection. Space, however, is 
precious, and it will probably be necessary to effect some compromise 
which will enable those maps in most frequent demand to be stored 
within easy reach. The saleable and non-saleable stock, though also 
crowded, are conveniently arranged under reference numbers, and 
do not so urgently need additional accommodation. This re-arrange¬ 
ment of the collection will be a fitting opportunity for the complete 
revision of the general catalogue.* 

In 1877, Mr. Markham’s retirement from the public service 
naturally affected in a very marked maimer the geographical 
business of the office. The Department or Branch was his own 
creation ; for ten years he had watched over its growth, and his 
geographical talents, his energy, and the personal example with 
which he inspired the staff, had borne good fruit. A short slcetoh 
of the public services of this officer is here necessary. 

Mr. Markham served in the navy for eight years, during which 
time he was employed in one of the Arctic Expeditions in search 
of Sir John Franklin. In July 1854 he was appointed to the 
Board of Control, and served in the Secret Department through the 
time of the Persian War and Indian Mutiny. From 185S to 1862 he 
was in the Revenue Department, and it was during that period 
that he was deputed to South America for tlie purpose of collecting 
chinchona plants and seeds and introducing them into India. 




preparation of the Moral and Material Progress Statement required 
by Act of Parliament to be laid before Parliament. Mr. Grant Duff, 
vrho bad obtained the introduction of the section in the Indian 
Councils Act,* providing for the report in question, and who was 
Under Secretary of State in 1872, was desirous that an interest 
should-be aroused in Indian affairs by the annual presentation of a 
thoroughly readable document. The reports for 1871-2 and 1872-3 
were great improvements on their predecessors and gained general 
approbation. The discovery of the journals and other papers of 
Mr. George Bogle, who was sent on a mission to Tibet by Warren 
Hastings, and of Mr. Manning, the only Englishman who ever 
visited Lhasa, was due to Mr. Markham’s research, and the 
Secretary of State sanctioned their being printed and published at 
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the Government expense. An admirable introduction was prefixed, 
giving an account of Tibetan geography and history, and the 
journals were annotated throughout by Mr. Markham. 

On the retirement of Mr. Markham the geographical work was 
transferred to the Statistics and Commerce Department under 
Mr. H. Waterfield. For a time the correspondence and papers on 
geographical subjects were filed separately, under the special orders 
of the Secretary of State in Council, but on the 1st January 1879, 
other arrangements were made and the geographical and kindred 
papers were intermingled with those on all the other subjects, such 
as commerce, statistics, sanitation, Ac., assigned to the new depart¬ 
ment. The subsequent history of the geographical work of the 
India Office has thus been merged with that of other subjects, and 
becomes a matter of great difficulty to trace, while the loss of 
Mr. Markham undoubtedly put an end to a good deal of projected 
work which the geographical staff would have helped to bring 
to completion. In 1879, Mr. Waterfield was created Financial 
Secretary, and Mr. W. G. Pedder, of the Bombay Civil Service, was 
appointed to the secretaryship of the Revenue Department, with 
which the old Statistics and Commerce Department, carrying with it 
the geographical business of the Office, was amalgamated. The geo¬ 
graphical work by a natural process of gravitation thus came under 
the control of the Revenue Department with which it undoubtedly 
has an increasing affinity. For now that the principal triangulation, 
and the first rough topographical survey of India are practically com¬ 
plete, such fresh surveys as are required (apart from the trans-frontier 
operations) are mainly for revenue purposes, a need which the gradual 
extension of cultivation tends still further to enhance. The following 
year saw the transfer of the author to the Home Office in the capacity 
of Assistant Private Secretary to the Secretary of State for Home 
Affairs, and the special care of Indian geographical matters practically 
devolved upon Mr. Trelawney Saunders until 1885, when the return 
of the present writer to the India Office after five years’ service in the 
Home Office led to further departmental changes, Mr. Saunders 
retiring on a pension. Mr. Saunders had done much useful service 


in the cause of geography, both before and after his entry into 
the India Office. Endowed with strong geographical instincts and 
tastes he was appointed in 1854 curator to the Royal Geographical 
Society, and also acted for a time as Librarian to that body. In 
1857 he joined Mr. Stanford’s establishment (originally his own 
house), and here he edited the useful series of school maps issued 
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